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UNpeER the term of “Superior Pulmonary Sulcus Tumor,” Pancoast,! in 
1932, redescribed a group of intrathoracic neoplasms presenting certain dis- 
tinctive features which appeared to differentiate them from the tumors com- 
monly occurring in this region and which, in his opinion, justified their isolation 
and classification as a “new” pathologic entity. According to this author, these 
tumors were identified: (1) Physically, by a precise, constant localization in 
the superior thoracic inlet adjacent to the pulmonary apex, a histologic picture 
of “epidermoid carcinoma,” and a site of origin demonstrably independent of 
the neighboring lung, pleura, ribs, vertebrae, mediastinum, or of metastatic 
foci. (2) Clinically, by an aggregation of clinical manifestations, the essential 
components of which are: (a) Horner’s syndrome—expressing involvement 
of the cervical sympathetic. (b) Pain referred to shoulder, arm and hand, 
associated with muscular atrophy—indicative of invasion of the brachial 
plexus. (c) Roentgenologic evidence of a small homogeneous apical shadow 
together with destructive infiltration of contiguous ribs and vertebrae. Em- 
phasizing their epithelial structure and conceding that the exact site of origin 
remains uncertain, Pancoast nevertheless indulged in the hypothesis that these 
tumors have their inception in branchial epithelial rests, pointing out, in sup- 
port of this theory, the constant localization of the tumor in a region where 
branchial rests are prone to persist; the absence of any other demonstrable 
primary focus; and, finally, a histologic picture of squamous cell epithelioma 
which is compatible with a branchial origin. 

The formation of new clinical entities has long been a popular method of 
approach to clinical problems in general, and, regardless of the intrinsic merit 
of these new classifications, the method itself has served an important purpose 
in the sense that it constitutes a challenge to the established order and, as such, 
tends to bring out a profitable controversial response directed at the problem 
under consideration. Pancoast’s publication proved to be no exception to 
this principle, for the “Superior Pulmonary Sulcus Tumor” speedily became 


the center of a spirited controversy which displayed a tendency to question 1 
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the justification for the isolation of this tumor as a new entity, as well as 
to discredit the specificity of the clinical syndrome ascribed to it. In the light 
of this discussion, it is apparent that opposition to the Pancoast hypothesis is 
based primarily on three types of evidence: (1) That the clinical syndrome 
described as a specific manifestation of the ‘Superior Pulmonary Sulcus 
Tumor” may be, and frequently is, induced by a variety of neoplastic, trau- 
matic, inflammatory and metastatic lesions arising near the pulmonary apex. 
(2) That the entity is founded upon assumptions which are unjustifiable in 
view of the inadequate evidence, gross and microscopic, submitted by its 
author. (3) That in no reported case has scientific proof of branchial origin 
of these tumors been presented. 

For example, Tobias* studied five cases in which apical tumors were as- 
sociated with the essential features of the syndrome in question, and was able 
to prove that four were primary carcinomata of the lung, while the fifth was 
a metastatic tumor from carcinoma of the stomach. Browder and DeVeer* 
reported five cases presenting apical tumors plus the typical clinical mani- 
festations described by Pancoast, and demonstrated by postmortem studies 
that of these, three were primary carcinomata of the lung, one was metastatic 
from a hypernephroma, while the last proved to be a tumor of the thymus. 
Evans* observed five clinically typical cases, in each of which a different 
variety of apical tumor was found. In a case reported by Frost and Wolpaw® 
the characteristic clinical features of the “Superior Pulmonary Sulcus Tumor” 
were noted in conjunction with a sympathicoblastoma arising from the 
inferior cervical ganglion. Fried® encountered an instance of primary 
carcinoma of the left apex in which chest pain and Horner’s syndrome were 
induced by metastases to the cervicodorsal spine and ribs, and points out that 
a similar origin has not been ruled out in Pancoast’s cases. Sergent’ showed 
that Horner’s syndrome occasionally occurs in advanced apical tuberculosis, 
due to extension of inflammatory tissue to the oculosympathetic pathway. 

From these and other observations, the fact has been established that the 
symptom complex described by Pancoast may be initiated by a wide variety 
of lesions arising in the vicinity of the pulmonary apex, viz., primary tumors 
of the lung, largely bronchogenic carcinoma; tumors arising from tissues 
adjacent to the pulmonary apex from pleura, periosteum, bone, mediastinum ; 
miscellaneous conditions such as apical tuberculosis, aneurysms and trauma ; 
and finally, metastatic tumors from numerous distant primary foci. This 
fact has tended to enhance the skepticism relative to the integrity of the 
“Superior Pulmonary Sulcus Tumor” as an entity, and majority opinion has 
been determined thereby. At the same time there is a disposition on the part 
of a minority of observers to recognize the existence of an apical tumor pos- 
sessing certain characteristics which set it apart from the tumors commonly 
occurring in this region. Steiner and Francis,* for instance, report three 
such cases, in which the location and clinical manifestations are identical with 
those of the “Superior Pulmonary Sulcus Tumor” and, according to these 
authors, “the clinical findings and gross pathologic characteristics are quite 
unlike the picture expected in carcinoma of the lung.” Nevertheless, it 
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appears from the necropsy record in two of the cases that these tumors had 
a definite pulmonary origin; that they were identified histologically as 
adenocarcinomata, and that they disclosed no morphologic evidence pointing 
to a branchial relationship. Furthermore, Jacox® presented a case exhibiting 
similar clinical and postmortem findings, and this writer comments that these 
tumors “fulfill all the criteria of the entity previously described as ‘Pulmonary 
Sulcus Tumor.’ The clinical features of this condition represent a definite 
and striking syndrome quite different from that of the usual primary malignant 
growths of the lung.”” Both the latter observers coincide in the conclusion 


“ce 


that these tumors “‘are a clinically distinct and unrecognized type of cancer” 
and that “the ‘Superior Pulmonary Sulcus Tumor’ is an atypical form of 
bronchogenic carcinoma.” 

These records may be taken as typical of the general sentiment relative 
to the Pancoast entity and, in evaluating their significance, the conclusion 
is inescapable that certain deductions based upon them are untenable. In 
the first place, it is apparent from analysis of the case records quoted above, 
that, in each instance, the apical pathologic changes in question were either 
frankly primary lung tumors in which secondary extension accounted for the 
clinical manifestations; or that these symptoms were induced by pathologic 
changes, neoplastic or otherwise, whose histologic and morphologic features 
traced their origin definitely to known tissues adjacent to the apical region, 
e.g., sarcoma, epithelioma, metastatic carcinoma, aneurysm, efc. Since the 
‘“Pancoast tumor,” among other features, is distinguished by its “lack of 
origin from lung, pleura, ribs or mediastinum,” the above noted instances 
obviously fail to qualify and evidence based upon them cannot be pertinent 
to the present discussion. Furthermore, since the tumor described by Jacox® 
is definitely a lung tumor, it cannot, on these grounds, “fulfill all the criteria 
of the entity previously described as pulmonary sulcus tumor,” despite the 
fact that it does “represent a definite and striking syndrome quite different 
from that of the usual primary malignant growth of lung.” 

In the second place, reference has been made to a group of cases which 
established the fact that the clinical syndrome described as a specific mani- 
festation of the “Superior Pulmonary Sulcus Tumor” may also be induced 
by a variety of pathologic lesions occurring in the vicinity of the pulmonary 
apex, and this fact, in the opinion of many writers, destroys the integrity 
of this entity. It must be recognized, however, that this syndrome represents 
merely one element of the entity itself, that it is only an expression of pressure 
destruction effects upon bone and nerve tissues in the apical region, and 
that it accordingly varies in degree depending upon the character and extent 
of the lesion. The absence of this symptom complex in the clinical picture 
does not preclude the existence of a true ‘““Pancoast tumor” and, likewise, 
neither does its presence in association with other tumors impair its significance 
as an element in the entity known as the “Superior Pulmonary Sulcus 
Tumor.” 

As regards the branchial origin of the “Superior Pulmonary Sulcus 
Tumor,” it must be conceded that such a relationship is difficult to substantiate 
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by direct testimony. As pointed out by Geschickter and Denison,! tracing 
the source of these tumors, purely on the basis of the histologic structure, 
often leads to erroneous conclusions. They classify carcinomata of the lung 
into two groups, of which the common hilar or epidermoid type arises from 
the basal cell layer beneath the lining cells of the large bronchi, later involving 
the pleura to produce a picture simulating the ‘‘Pancoast tumor.”’ Referring 
to neoplasms arising from branchial epithelium, Carp and Stout!! stress the 
fact that although the absence of a discoverable primary focus plus distinctive 
gross and histologic features are strong presumptive evidence of an origin 
from branchial cleft epithelium, in no reported case has scientific proof of 
such origin been presented. Nevertheless, Symmers,'? under whose direction 
the pathologic material constituting the present report was assembled, 1s 
authority for the statement that, in some instances, the “Pancoast tumor” 
may exhibit histologic evidence of its branchial origin, and the authors propose 
to submit, at a later point, case records with histologic material to support 
this assertion. 

Terplan’® states that malignant epithelial tumors of the Pancoast variety 
may originate from either lung or pleura; in the former instance, a primary 
carcinoma of the lung is said to grow into the pleural cavity and spread along 
the pleural surface mushroom-fashion, while in the latter case, tumors pri- 
mary in the pleura may differentiate into an epithelial type suggestive of the 
Pancoast picture ; in both instances, it is to be inferred, these tumors may be 
readily confused with the “Superior Pulmonary Sulcus Tumor.” On _ the 
other hand, McFarland"? contends that lung tumors of this cell type are not 
apt to be found in an apical lung lesion so far from the larger bronchi, and 
he further believes it to be highly improbable that a tumor of the lung with 
such meager lung involvement could be primary to such an extensive extra- 
pleural invasion. However this may be, it is at least apparent that biopsy 
only is not competent to establish the identity of the “Superior Pulmonary 
Sulcus Tumor,” and that the final verdict must rest upon complete post- 
mortem studies which are adequate not anly to exclude these local imitators 
but to demonstrate, as well, the nonexistence of any sources of metastatic 
deposits. 

In the main, the assumption of a branchial origin for the “Superior Pul- 
monary Sulcus Tumor’ must necessarily be founded upon evidence which, 
although of an indirect type, is nevertheless impressive. Given a malignant 
epithelial tumor, primary in the apical region where no epithelial tissue 1s 
found normally and granted the opportunity to exclude the lung, pleura and 
other local structures as a source, this assumption is not unwarranted. The 
lateral walls of the primitive pharynx present five branchial arches with 
four successively intervening grooves lined externally by ectoderm and _ in- 
ternally by entoderm. These grooves, especially the second, occasionally 
present perforations of the floor which persist as branchial fistulae on the side 
of the neck, and it is well recognized that these persistent epithelial remnants 
are particularly prone to initiate epithelial neoplasms. Caudal to the fifth 
pharyngeal arch there may appear an evanescent fifth groove the posterior 
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wall of which may show a transient condensation of mesenchyme suggesting a 
sixth arch, the so-called ultimobranchial groove and body. These embryonal 
tissues contribute no definite adult structures and their ultimate fate is not 
known. Pancoast suggests that persistent epithelial rests from these or others 
of the lower branchial clefts may serve as points of departure for the pri- 
mary epithelial neoplasms of this region. According to Wenglowski" branchial 
anomalies can occur only above the hyoid bone and the thymopharyngeal duct 
is the anlage for cysts and fistulae below this point. He points out that the 
thymus is an entodermal evagination from the ventral part of the third 
groove and that it communicates with the pharynx by means of the thymo- 
pharyngeal duct. This duct passes caudally and laterally, subsequently reach- 
ing the supracardiac’area in the substance of the thymus. The upper portion 
of the duct obliterates but its distal portion persists as an epithelial-lined tract 
which is suggested as a source of cysts and fistulae in this region. 

It is our impression, on reviewing the foregoing discussion, that much 
of the evidence thus far submitted in opposition to the Pancoast hypothesis 
may legitimately be impeached on the grounds that it fails to give due con- 
sideration to the scope and definition of the entity as originally described. 
According to our interpretation, this entity is built around the concept of a 
specific malignant apical neoplasm which is identified histologically by the 
picture of epidermoid carcinoma and grossly by its “lack of origin from lung, 
pleura, ribs or mediastinum.” If this be true, it follows that tumors of the 
apical region whose gross and morphologic features indicate an origin from 
any of the above noted structures do not “fulfill the criteria of the entity 
previously described as Superior Pulmonary Sulcus Tumor” regardless of 
the fact that they may produce identical clinical and roentgenologic manifes- 
tations. It should again be emphasized, in this connection, that these mani- 
festations, noted as essential elements of the Pancoast syndrome, represent 
after all merely the effects of pressure-destruction on adjacent nerve trunks, 
and it is, therefore, obvious that any of the varied types of apical tumors 
capable of exerting such pressure-destruction may be expressed symptomati- 
cally in a similar manner. For example, it is well recognized that adeno- 
carcinoma of the pulmonary apex may induce Horner’s syndrome, arm pain 
and roentgenographic evidence of apical tumor, but this fact does not estab- 
lish a connection between adenocarcinoma of the lung and the ‘Superior 
Pulmonary Sulcus Tumor” as some writers seem to suggest. In short, the 
qualifications for the entity under consideration resolve themselves into two 
essential, complementary criteria: (1) A primary epithelial neoplasm, specific 
in location, morphology and environment—the “Superior Pulmonary Sulcus 
Tumor”; and (2) a group of nonspecific clinical and roentgenologic mani- 
festations which are incidental to the mechanical presence of the tumor 
the so-called Pancoast syndrome. 

sriefly stated, therefore, the point at issue in this controversy is whether 
there exists at the superior thoracic inlet a tumor which fulfills the criteria 
set forth for the “Superior Pulmonary Sulcus Tumor,” and this question 
awaits answer. The negative side of the argument has succeeded merely in 
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demonstrating the nonspecificity of the syndrome itself, but for reasons pre- 
viously noted, this fact does not invalidate the original hypothesis. On the 
other hand, the affirmative side is, likewise, open to criticism for its failure 
to establish the existence of this tumor. For example, Pancoast, upon whom 
the burden of proof obviously rests, presented, in support of his theory, seven 
cases exhibiting a characteristic clinical picture, but the evidential value of 
this series is impaired by the fact that it provided only two biopsies and no 
necropsies. In the meantime, however, this deficiency has been compensated 
for by contributions from other sources. 

In 1934, Clarke'® observed a patient who presented an apical shadow 
with erosion of ribs and vertebral bodies, associated with typical arm pain, 
muscular atrophy and Horner’s syndrome. At necropsy, the tumor, which 
proved to be an epithelioma, was found to be extrapleural although adherent 
to the lung, and Clarke, finding it difficult to conceive of a bronchogenic 
source, gave consideration to its origin from an embryonal rest. 

In 1935, Fried'* reported the autopsy findings in two cases of apical 
tumor which had exhibited, clinically, every aspect of Pancoast’s syndrome. 
In each instance, the tumor mass, although completely filling the apical region 
of the thorax and compressing the upper lobe from above downwards, was 
separated from the lung by pleura and could be detached therefrom without 
loss of substance. Histologically, these tumors were epitheliomata, and as 
careful search failed to disclose a pleural or pulmonary origin, and since they 
both arose in areas where epithelial tissue is not normally present, it was 
assumed that they originated in epithelial rests embedded in the region of 
the sternoclavicular articulation. Fried concludes that although the clinical 
syndrome is not pathognomonic, the tumor itself represents a well-defined 
entity for which he proposed the name sternoclavicular branchioma. Graef 
and Steinberg,'® in 1936, studied, during life and at necropsy in this labora- 
tory, a classic case of apical tumor exhibiting the Pancoast syndrome, and 
particularly emphasized the fact that the tumor was attached only by adhe- 
sions to the lung, and that the spread of the tumor cells on the pleura was 
limited to a thin plaque. Microscopic study of this tumor disclosed a ma- 
lignant epithelial neoplasm exhibiting the usual squamous epithelial arrange- 
ment with occasional evidences in some areas of a glandular pattern, and 
this picture, they point out, is not incompatible with branchial origin. 

These instances establish the fact that there does exist at the superior 
thoracic inlet a malignant epithelial neoplasm, intimately associated with the 
lung but demonstrably extrapleural in location, and capable of inducing the 
clinical syndrome described by Pancoast. To add the final touch required 
to complete the picture of the “Superior Pulmonary Sulcus Tumor,” it only 
remains to verify the primary nature of the tumor im situ by excluding the 
possibility of foci elsewhere in the body. McCarthy’ states that he has seen 
several intrathoracic tumors with primary focus in the nasopharynx, and it 
is obvious that the routine autopsy cannot be relied upon to settle the problem 
under consideration. It is evident, therefore, that the criteria determining 
the selection and identification of the “Superior Pulmonary Sulcus Tumor’”’ 
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must be based, not only upon clinical and roentgenographic data, but must 
include, as well, biopsy, study, operative exposure of the tumor and, finally, 
the opportunity to carry out a complete, meticulous postmortem study in- 
clusive of every structure in the body. 

It is the primary purpose of the present report to record our observations 
based upon the study of a series of apical chest tumors which, in view of 
the character of the preceding discussion, contribute important data thereto 
and, in our opinion, adequately establish the “Superior Pulmonary Sulcus 
Tumor” as a specific entity. This series comprises eight cases, all of which 
exhibit the classic picture of Horner’s syndrome associated with the typical 
apical shadow, characteristic pain distribution and muscular atrophy. In 
three of these cases, the apical tumor was shown to be either bronchogenic 
or metastatic carcinoma, and thus served to illustrate the nonspecific nature 
of the syndrome itself; two cases, which were undoubtedly true Pancoast 
tumors, were, nevertheless, disqualified because of incomplete pathologic 
studies ; there remain, therefore, three instances which “fulfill all the criteria 
of the entity previously described as primary ‘Pulmonary Sulcus Tumor.’ ’ 
These criteria, which, according to our conception, determine the selection 
of these tumors, may be summarized as follows: 

(1) Clinical evidence of an apical tumor expressed in terms of pressure- 
destruction effects upon adjacent nerve and osseous tissues—(Hare’s 
syndrome ). 

(2) Histologic evidence of epithelioma. 

(3) Pathologic evidence, based upon biopsy, operative and postmortem 
studies, which are competent to prove (a) the extrapulmonary character of 
the tumor; (b) its “lack of origin from lung, pleura, ribs or mediastinum” ; 
and (c) its primary nature as determined by especially planned methods 
designed to exclude all possible sources of metastatic origin. 

If this standard is applied to the selection of “Superior Pulmonary Sulcus 
Tumors,” there appear but four instances in the literature, one reported by 
Clarke, in 1934, two by Fried, in 1935, and one by Graef and Steinberg, in 
1936, which conform satisfactorily, and thus, since three of our own cases 
seem to be acceptable on this basis, a total number of only seven authentic 
cases have been recorded to date. 

In presenting our own material, it seems expedient for purposes of 
analysis, to do so under three headings: 

I. Cases typifying the nonspecific nature of Pancoast’s syndrome (Hare's 
syndrome) together with brief discussion of the history and clinical aspects 
of this condition. 

II. Consideration of three cases of apical tumor, which are presented as 
instances of true “Superior Pulmonary Sulcus Tumors.” 

ITI. Analysis of the clinical symptoms of the “Superior Pulmonary Sulcus 
Tumor.” 

I. Hare’s Syndrome.—The syndrome, about which this discussion has 
centered, presenting (a) Horner’s syndrome—expressing involvement of the 
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cervical sympathetic chain; (b) pain referred to shoulder, arm and hand, 
associated with muscular atrophy—indicative of invasion of the brachial 
plexus; and (c) an apical tumor with destructive infiltration of contiguous 
ribs and vertebrae—popularly recognized as Pancoast’s syndrome. 

It has, however, been pointed out by Fulton,”° in his article on Horner's 
syndrome, and again by Browder and DeVeer,* that the syndrome was fully 
described a century ago by Edward Selleck Hare,?! then House Surgeon to 
the Stafford County General Infirmary in England. His name, however, 
like that of many other observers who lived when medicine was an art, is 
lost to the eponymic nomenclature of to-day. On the contrary, so many 
names are falsely glorified, as in the instance of ‘‘Horner’s syndrome” itself, 
as illustrated not only in Hare’s report but in a clinic and pathologic report 
from the files of Bellevue Hospital, in 1868. 

Hare reviewed the ocular signs and symptoms in the presence of destruc- 
tion of the lowest cervical sympathetic ganglion, 31 years later to be identi- 
fied with the name of Horner. Hare went even further and described all 
of the components of the still broader syndrome, including irritation of the 
brachial plexus, which has recently been identified with the name of Pancoast. 

Hare’s patient was a male, age 40, who presented himself complaining 
of pain, tingling and numbness in left arm along course of the ulnar nerve. 
There was a small tumor situated in the “inferior triangular space.” Hare 
attributed the pain to brachial plexus involvement and observed that “the 
pupil of the left eye became contracted and the levator palpebrae ceased to 
perform its office.” Treatment with opiates, mercurials, leeches, blisters and 
belladonna, was futile and the man died. Necropsy revealed: ‘“‘A tumor 


possessing the hardness of scirrhus . . . extending under the sternocleido- 
mastoideus and trapezius . . . and was seen to extend upwards as far as the 


origin of the brachial plexus. The carotid artery, internal jugular vein and 
pneumogastric nerve passed into its substance, the first remaining pervious, 
the two last were lost and transformed into the diseased structure, as were 
also the phrenic nerve and farther down the sympathetic, with its lowest 
cervical ganglion. The tumor lay upon the third and fourth nerves of the 
plexus, both of which were inseparable from it.” This represents but a part 
of the detailed description of the tumor and its relations. Except for the 
fact that microscopic examination of tissues was not an accessible aid in 1838, 
Hare’s case is as complete as any now available. 

In 1859, MacDonnell stressed the significance of myosis as a sign of intra- 
thoracic tumors. Colby? responded by calling attention to his report of 1850, 
in which a female, age 17, suffered from pain in the shoulder and “shooting 
pains down the arm and into the fingers.” A small tumor was palpable 
above the left clavicle and there was ptosis of the left eyelid with constriction 
of the pupil. Although necropsy was performed, the detailed findings were 
not described. Subsequently a large number of cases of intrathoracic disease 
causing myosis, were reported. Most of these were by French writers and 


were ascribed to tuberculosis. 
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Klumpke,** in 1885, commenting on arm paralyses and brachial plexus 
injury, mentioned the, not uncommon, ocular changes in the form of the 
Claude Bernard-Horner syndrome. She reported two cases with arm pain, 
anesthesia, paralysis, ptosis and myosis. The brachial piexus and sympathetic 
injuries were on a traumatic basis. 

Several instances have been cited in which the syndrome was caused by 
aneurysms. The description of such an aneurysm is to be found in the rec- 
ords of Bellevue Hospital for the year 1868, one year before Horner defined 
his syndrome and its etiology. The Bellevue case presented a subclavian 
aneurysm which caused pain that radiated down the right arm and ptosis of 
the eyelid on the same side was noted. Valentine Mott ligated the innominate 
and carotid arteries. The patient lived 24 days after operation. Necropsy 
revealed erosion of the first three ribs and vertebrae on the right side. Death 
was caused by rupture of an aneurysm of the innominate artery some distance 
below the point of ligation. Another case, similar in almost every detail, 
was reported in 1886, by May.** This patient was placed on a “Tufnell’s 
aneurysm diet,” but became clamorous for food and unwilling to continue 
the restricted diet,” so that it was necessary to resort to the hunterian opera- 
tion. The patient died from hemorrhage on the eighteenth day after operation. 
Necropsy demonstrated erosion of the upper ribs posteriorly as well as erosion 
of the first dorsal vertebra. 

While the precise definition of the Hare syndrome necessitates a neo- 
plasmic etiology, it has been pointed out that tuberculosis, osteoarthritis, and 
trauma have brought about a similar clinical picture. More to the point i: 
it significant, that it has been possible to glean from medical literature a 
total of 48 cases in which the Hare syndrome has had an actual neoplasmic 
origin. Obviously, these show striking clinical and roentgenologic uniformity, 
but due to the paucity of adequate pathologic study, it is possible to make 
a sound presumptive diagnosis in only 30 reports. These include 20, probable 
bronchogenic, carcinomata; two definite osteogenic sarcomata, one from a 
vertebra and the other from a rib; one definite sympathicoblastoma; two 
metastatic carcinomata, one from the stomach, the other from a breast; one 
metastatic tumor, probably from a hypernephroma; and, finally, one “carci- 
noma of the thymus.” 

Those instances in which the Hare syndrome has arisen as a result of 
apparently primary “Superior Pulmonary Sulcus Tumors” have already re- 
ceived consideration. 

With an appreciation for the pathologic nonspecificity, yet clinical unity 
of the components of this syndrome, and in view of the excellent clinical 
and physiopathologic discussion of Edward Sellick Hare, 100 years ago, it 
seems most appropriate to designate this syndrome as the ‘Hare syndrome.” 

In view of the large number of cases that have been reported in the 
literature, illustrating varied neoplasmic derivation of Hare’s syndrome, it 
suffices to review briefly three of the six cases that have been observed in 
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Case 1.—Hare’s Syndrome: Chart No. 45; Path. No. 11754: F. E., white, male, 
age 48, was admitted to the Fourth Division of Bellevue Hospital, complaining of con- 
stant boring pain in the left shoulder which radiated down the arm into the hand. This 
pain had increased steadily over a period of eight months and had been almost unbearable 
during the previous three weeks. During this period there had been a conspicuous 
tendency toward swelling of this extremity. There had been a weight loss of 33 pounds, 
most of which had occurred during the preceding three months. There were no other 
symptoms directing attention to intrathoracic disease. 

Physical Examination revealed an emaciated man with considerable edema of the left 
arm. Both pupils were contracted, but there was a marked ptosis of the left eyelid. 
Examination of the chest disclosed a smooth, firm mass filling the left supraclavicular 
fossa and infraclavicular fulness on the same side. The corresponding region was found 
to be flat to percussion and devoid of breath sounds on auscultation down to the level of 
the fourth rib. The only other noteworthy finding was a firm mass in the left lobe of 
the prostate, which was estimated at 3x3x3 cm. 

Roentgenologic examination revealed a circumscribed mass filling the region of the 
left pulmonic field, above the level of the fifth rib. Destructive changes were noted in 
the first and second ribs posteriorly. 

Notwithstanding roentgenotherapy, the patient grew steadily weaker over a period 
of two months. During the third month in the hospital and terminal month of life, 
urinary retention necessitated repeated catheterization. He died in uremic coma on the 
fifty-eighth day of hospitalization. 

Necropsy revealed a primary alveolar carcinoma of the left lobe of the prostate with 
multiple metastases to the lungs. There were also metastases in the first two ribs on 
the left side, with infiltration of the surrounding soft tissues and cervical extension as 
far upward and medially as the thyroid gland. The brachial plexus and cervical sym- 
pathetic chain on the left side were incorporated in the metastatic carcinomatous mass. 


CoMMENT.—This patient was originally thought to be suffering from 
primary bronchogenic carcinoma in which the Hare syndrome was the only 
conspicuous clinical feature. It was not until the last month of life that the 
primary carcinoma of the prostate produced direct symptoms. 


Case 2.—Hare’s Syndrome: P. O’C., white, male, age 49, was admitted to Bellevue 
Hospital complaining of pain in the right axilla and scapular region. This pain had first 
been noticed one and one-half years before admission but it had become more severe and 
constant during the preceding three weeks. There were no dyspnea, cough, hemoptysis, 
night sweats or other symptoms directing attention to any intrathoracic disease. 

Physical Examination revealed a well-developed and well-nourished man. There 
was enophthalmus of the left eye, contraction of the pupil and marked ptosis of the 
corresponding eyelid. On examination of the chest, marked tenderness to pressure was 
noted anteriorly down to the third rib and posteriorly to the level of the spinous process 
of the fifth dorsal vertebra. On percussion posteriorly, there was flatness at the right 
apex shading into dulness down to the angle of the scapula. Over the corresponding 
area and in the supraclavicular fossa, distant breath sounds were heard. 

Fluoroscopic examination revealed a dense nodular shadow which extended from the 
right hilus, obliquely upward, and completely filled the right pulmonic field immediately 
above and below the clavicle. These findings were confirmed roentgenologically. 

The seven millimeter bronchoscope was passed and the mucous membrane of the 
right bronchus was observed to be thickly coated with mucus and to have lost its normal 
color. The upper portion of the right upper lobe was fixed in position so that its bronchus 
could not be brought into view. There was no evidence of neoplasmic growth into 
the lumina of the bronchi. 
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In spite of roentgenotherapy, the patient led a rapidly downward course to death 
in two months. 

Necropsy revealed primary adenocarcinoma of the right main bronchus extending 
up over the apex of the lung extrapleurally, without lung involvement. There was erosion 
of the first and second ribs on the right side, the clavicle, the sixth and seventh cervical 
and the first and second dorsal vertebral bodies. The brachial plexus and cervical sym- 
pathetic chain were extensively involved in the tumor mass. Metastatic nodules were 
found in the liver, in both kidneys and in both adrenal glands. 


CoMMENT.—This case constitutes an example of Hare’s syndrome, de- 
rived from infiltration of the structures in the region of the thoracic inlet 
by an adenocarcinoma of bronchogenic origin. 


Case 3.—Hare’s Syndrome: E. S., white, male, age 47, was admitted to the Fourth 
Division of Bellevue Hospital, complaining of pain in the right shoulder, which had been 
first felt nine months previously, and was intermittent in character. For the past six 
months the pain had been constant. The patient also complained that he had been 
slowly “losing his voice.” A weight loss of 60 pounds had been noticed since the onset 
of symptoms. 

Physical Examination revealed a well-developed and well-nourished, florid man, 
with slight fulness of the right side of his face. There was marked congestion of the 
veins of the neck on the right side and on the anterior aspect of the chest down to the 
diaphragmatic line. 

A partial Horner’s syndrome of the right eye was manifested by ptosis of the eyelid 
and contraction of the pupil which measured two millimeters in diameter, although the 
pupil of the left eye measured five millimeters in diameter. There was no definite 
enophthalmos. 

On examination of the chest, a soft mass filled the right supraclavicular fossa. The 
right apex was dull to percussion as far down as the angle of the scapula posteriorly 
and to the second intercostal space anteriorly. Breath sounds over the area of dulness 
were distant and bronchial in character. 

Over the distribution of the right ulnar nerve there was marked diminution of tactile 
sensation. Clubbing of the fingernails was present in the right hand but not in the left. 

Roentgenologic examination revealed a circumscribed mass occupying the upper half 
of the right pulmonic field. After a course of roentgenotherapy to the upper half of the 
right side of the thorax, the patient’s symptoms improved sufficiently that he insisted upon 
being discharged to the Out-Patient Department. He failed to continue his roentgeno- 
therapy and has been lost to the Follow-Up Clinic, so that his subsequent course remains 


in doubt. 


ComMMENT.—This case presents two clinical features not uncommon con- 
comitants of Hare’s syndrome; namely, venous obstruction at the thoracic 
inlet and involvement of the recurrent laryngeal nerve. It further empha- 
sizes the uncertainty in differentiating primary “Pulmonary Sulcus Tumors” 
from other neoplasms without pathologic study. 

II. Presentation of Cases——This group comprises three instances of 
apical tumor whose clinical and roentgenologic manifestations suggested a 
primary diagnosis of “Superior Pulmonary Sulcus Tumor” and this diagnosis 
appears to be adequately substantiated by the character of the gross and 
histologic data submitted. 
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1.—Apical tumor, Case 1 Showing rib FIG. 2 Bronchogram, Case 1: Showing intact 
erosion. bronchial tree and posterosuperior compression of 
upper lobe. 





Fic. 3.—Bronchogram, Case 1: Lateral aspect showing 
posterosuperior position and relationships of tumor mass. 
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Case 1.—Chart No. 60050; Path. No. 2838136: C. S., white, male, age 47, was ad- 
mitted to the Fourth Surgical Division, Bellevue Hospital, June 6, 1936, complaining of 
severe, stabbing pain referred to the right shoulder and radiating down the right arm. 
At the onset of this pain, five months previously, and because of the attendant rapid 
loss of weight and appetite, the patient had been admitted to another hospital where, 
after two months’ observation, a diagnosis of pulmonary tuberculosis was made and 
artificial pneumothorax instituted. Subsequent to discharge, the pain become more 


severe and the patient became so weak and dyspneic that he applied for admission to 





* 





Fic. 4.—-Gross specimen, Case 1: Pleural surface. 


another hospital where examination disclosed a slightly tender mass between the border 


of the scapula and the vertebral column on the right side. Roentgenograms at this time 
I g 


revealed, in addition to the pneumothorax at the right base, a rounded, homogeneous 
shadow at the right apex and in the infraclavicular region. The third to the sixth ribs 
posteriorly showed evidence of destruction and a tentative diagnosis of osteogenic 
sarcoma was made. At this time repeated sputum examinations were negative for tubercu- 
losis but the Wassermann reaction was strongly positive. 

Upon admission to Bellevue Hospital the patient appeared emaciated, dyspneic and 
cyanotic. The pain, which had hecome exceedingly severe, radiated from the shoulder 
region into the axilla and across the right scapular region to be eventually referred 
down the arm, particularly into the fourth and fifth fingers. In addition he complained 
of a constant, dry, nonproductive cough, shortness of breath, anorexia, and a progres- 
sive weight loss of 25 pounds over the preceding four months’ period. 
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Physical Examination was essentially negative except for the local condition. Tem- 
perature averaged 100° F. rectally, and pulse 100 to 120. Blood count showed 3,500,000 red 
cells with 65 per cent hemoglobin. Horner’s syndrome was not present; neurologic 
examination gave negative results, and there was no evidence of venous dilatation over 
chest or neck. 

Over the right interscapular region a firm, solid, tender swelling bulged through the 
intercostal spaces rising four centimeters above the surface and measuring nine centi- 
meters in diameter at the base. This area was flat to percussion and there was com- 
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Fic. 5.—Gross specimen, Case 1: Tumor sectioned to show character 
ot cut-section. 

plete absence of breath sounds over the apical region anteriorly and posteriorly, while 
posteriorly, below, a pleural rub and moist rales could be heard. Roentgenograms dis- 
closed a dense, circumscribed mass occupying the right upper hemithorax with erosion 
of the third to sixth ribs posteriorly and thickening of axillary pleura from apex to 
base (Fig. 1). A bronchogram, after injection by Doctor Stanford, of the right upper 
lobe bronchus, showed an intact bronchial tree but indicated that this lobe was com- 
pressed from above and behind (Fig. 2). Simultaneous lateral and stereoscopic studies 
disclosed the posterosuperior position and relationships of the tumor mass (Fig. 3). 

At this time, a specimen of the tumor, obtained by aspiration biopsy (Doctor Hig- 
ginbotham) was submitted to Doctor Symmers and Doctor Hutcheson, both of whom 
concurred in the tentative histologic diagnosis of epidermoid carcinoma. 

Under observation, the symptoms became progressively worse and the pain in- 
tractable so that considering the hopeless prognosis without intervention, it was decided 
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to attempt a palliative surgical removal of the tumor. A preoperative diagnosis of 
Pancoast tumor was made and, under cyclopropane intratracheal anesthesia, the 
thorax was approached through a right posterior scapular incision. The scapula was 
turned laterally to permit the section of the second to fifth ribs well to the outer side of the 
tumor as well as close to their angles, and thus a bloc removal of the tumor with the 
involved rib segments was attempted. The tumor was then seen to completely surround 
the first to the sixth ribs, extending into the neck and invading both lower cervical 
and upper dorsal vertebral bodies (Figs. 4 and 5). Anteriorly, the tumor compressed 
the right upper lobe but was definitely extrapleural, the visceral pleura stripping readily 
away from the tumor mass without loss of substance. The tumor was, therefore, com- 
pletely mobilized except in its posterosuperior portion where its dense attachment in 
the angle between ribs and corresponding vertebral bodies rendered complete removal 


impossible. 





Fic. 6.—Photomicrograph of Tumor in Case Fic. 7.—Photomicrograph of Squamous Cell 
1: Snowing (a) sheets of hyperchromatic, polyhed- Epithelioma in Case 2: Showing abundant, dense 
ral epithelial cells poorly differentiated; (b) areas fibrous stroma regarded as characteristic of a 
of “prickle” cells; (c) whorls of squamous cells bronchogenic origin. 
with epithelial ‘‘pearls.”’ 


The postoperative course was stormy, with the development during the first 24 hours 
of considerable serosanguineous fluid in right chest which necessitated thoracentesis. 
During the second postoperative day contralateral pulmonary edema further complicated 
the picture and death followed from cardiocirculatory failure on the second postoperative 
day. 

At autopsy, remnants of the tumor were found infiltrating the planes between the 
scalenus muscles, the brachial plexus was widely invaded, and the cervical sympathetic 
chain was lost in the tumor tissue. The routine autopsy was supplemented by a careful 
search designed to rule out the existence of primary or metastatic tumor foci and 
included complete investigation of the head, sinuses, pharynx, adrenals, lungs, bronchial 
trees, etc. Since these efforts produced negative results, it was felt that the primary 
character of the apical tumor was quite effectively established. 

Microscopic sections (Fig. 6) revealed sheets of hyperchromatic, polyhedral epithelial 
cells showing very little differentiation. In some areas, cytoplasmic bridges or “prickle 
cells” were noted, while in others squamous cell whorls with epithelial “pearls” were 
observed. A histologic diagnosis of epithelioma of unknown origin was made by Doctor 
Symmers. 
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Additional sections, to include the visceral pleura and subjacent lung in proximity 
to the tumor, adequately establish the fact that the neoplastic process is abruptly limited 
by the former and that no invasion of the latter has taken place despite the extensive 


infiltration of neighboring ribs, vertebrae, ete. 


CoMMENT.—In summary, therefore, Case 1 presents a primary, extra- 
pleural, squamous cell epithelioma arising in the posterosuperior thoracic 
gutter and exhibiting a tendency toward destructive infiltration of adjacent 
ribs, vertebrae and nerve trunks. The extrapleural character of this tumor 
appears to be adequately established by the gross and microscopic evidence 
submitted and a bronchial or pulmonary origin can be effectively ruled out. 
At the same time, its classification as primary in situ may be predicated upon 
the results of special studies designed to exclude all other possible sources 
of origin. It is worthy of note, in view of the marked involvement of the 
cervical sympathetic trunk as demonstrated by autopsy, that Horner’s syn- 
drome was conspicuously absent, thus indicating that this sign is not neces- 
sarily pathognomonic of apical tumors. Finally, the relative immunity of 
the lung to neoplastic invasion is of interest in the face of the extensive 


involvement of the neighboring ribs, vertebrae and muscle planes. 


Case 2.—Path. No. 19278: A. J., Negro, age 47, was admitted to the hospital com- 
plaining of pain originating in the right scapular region and radiating to the right 
shoulder axilla and upper arm. The pain, which was first noted four months previous 
to admission, had recently assumed an agonizing character and was associated with 
dyspnea, general weakness and a weight loss of 40 pounds since onset of illness. 

Physical Examination revealed a moderately emaciated patient who presented a 
soft mass bulging the supra- and infraclavicular fossae on the right side. There was 
marked atrophy of the shoulder muscles and percussion disclosed an area of flatness pos- 
teriorly down to the level of the third dorsal spine and anteriorly as low as the second 
rib. The right pupil was much smaller than the left, the corresponding palpebral fissure 
was distinctly narrowed and there was a definite degree of enophthalmos present. 

Roentgenologic examination demonstrated a dense homogeneous mass occupying the 
right apical region, and there was evidence of extensive destruction of the first with 
partial erosion of the second rib posteriorly. In addition, a large cavity was observed 
at the right apex. 

Operation, undertaken three weeks after admission, disclosed an extensive, inoperable 
tumor of the apex and operative procedure was limited to the removal of material for 
biopsy. 

The patient died on the sixth postoperative day, and a complete autopsy was carried 
out. The tumor occupied the posterosuperior portion of the thoracic inlet and was 
densely. adherent in the region of the first and second ribs and their corresponding 
vertebrae, all of which were eroded. The right apex of the lung was compressed and 
adherent to the tumor mass but could be easily separated therefrom and showed no 
gross evidence of infiltration thereby. Careful search of the lung and bronchial tree 
disclosed no evidence of neoplastic tissue, and it was felt that these structures could 
not have given origin to the tumor, although investigation failed to reveal any neo- 
plasmic foci in other parts of the body. 

Dr. Douglas Symmers, under whose direction this work was later undertaken, re- 
viewed these sections (Fig. 7) without knowledge of the autopsy findings and pointed 


out that the dense and abundant fibrous stroma of this squamous cell epithelioma is 
He felt justified in making a 


characteristic of the epitheliomata of branchiogenic origin. 
diagnosis of squamous cell epithelioma of branchiogenic origin, in this instance on a his- 
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tologic basis alone. This opinion was in accord with the autopsy findings, though ar- 


rived at independently. 


CoMMENT.—Case 2 presents an extrapleural, apical tumor which proved 
to be an epidermoid carcinoma. Horner's syndrome, referred arm and 
shoulder pain, and erosion of ribs and vertebrae completed the clinical picture. 
Complete postmortem studies failed to disclose foci elsewhere in the body. 
The postmortem diagnosis was “Superior Pulmonary Sulcus Tumor.” This 
case 1s unique in that a presumptive gross diagnosis of primary “Pulmonary 
Sulcus Tumor” was made by exclusion at necropsy, and independently con- 


firmed by histologic studies. 


Case 3.—Path. No. 24819: G. L., white, male, age 42, was admitted to Bellevue 
Hospital, August 16, 1937. ° Seven months previously he had first experienced a sharp, 
intermittent pain in the right arm and shoulder. Two months later this pain had become 
very severe, and was at this time also referred to the right axilla, scapular and infra- 
clavicular regions. For the past five months he had complained of a chronic cough 
which had recently become productive of a thick, tenacious, yellow sputum, but at no 
time had blood been noted. During the past several weeks he had developed a pro- 
gressive weakness and anorexia, and stated that he had lost 35 pounds during the last 
five-month period. Throughout this interval he said he had felt “feverish” each after- 
noon but had not observed any associated night sweats. He had been a chronic alcoholic 
for several years but denied venereal infection or disease. 

Physical Examination: The patient appeared emaciated, pallid and acutely ill. The 
right pupil was smaller than the left but there was no enophthalmos or ptosis of the 
upper lid. The pupils reacted normally to light and accommodation. There was slight 
dulness to percussion over the right apex anteriorly and posteriorly with some diminu- 
tion of breath sounds, but no rales were detected. An enlarged, hard, discreet lymph 
node was palpable in the right supraclavicular fossa. 

A roentgenogram revealed definite infiltration with thickening of pleura at the 
right apex (Fig. 8). Temperature 101° F. Pulse 90. Respiration 24. Red blood cells 
4,000,000. Hemoglobin 90 per cent. Wassermann negative. Blood pressure 100/75. 
Sputum negative for tubercle bacilli. Spinal tap indicated increased pressure but the 
cell count was normal. Neurologic examination was essentially negative. 

On August 24, 1937, a biopsy was taken from the mass in the supraclavicular fossa, 


under local novocain anesthesia. Microscopic examination demonstrated nests of 
irregularly shaped cells varying greatly in size, shape and staining qualities. The 


cells presented large nuclei with heavy chromatin networks and prominent nucleoli. 
A heavy and abundant fibrous tissue stroma was conspicuous. Some areas presented 
marked round cell infiltration. From these sections a diagnosis of transitional cell 
epithelioma was made. 

The patient’s condition appeared unchanged following the biopsy. On the second 
postoperative day, after spending a comfortable night, the patient ate a normal breakfast 
at 7:30 A.M. At 7:55 A.M. his nurse noticed that he suddenly developed marked air 
hunger, that his pulse became weak and fluttering and that he rapidly sank into ex- 
tremis and died within a few minutes. 

At necropsy, on inspection of the body externally, it was noted that definite enophthal- 
mos was present in the right eye. There was atrophy of the interosseous muscles of the 
right hand together with atrophy of the thenar group. The circumference of the right 
forearm was grossly less than that of the left arm, although the remaining musculature 
of the body was symmetrical. 

On examination of the right lung and region of the thoracic inlet, a tumor, firm 
in consistency and yellow in color, was found to lie in an extrapleural position at the 
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apex of the lung. This tumor rose into the neck to the level of the fourth cervical 
vertebra. It had eroded the contiguous vertebral bodies and had involved the trunks 
of the brachial plexus as well as the stellate ganglion. 

There was infiltration of the apical pleura. Careful dissection of the bronchi and 
bronchioles revealed nothing remarkable. Further search disclosed no other sites of 
possible origin for the tumor and no metastatic foci were discovered. 

Microscopic examination provided further opportunity for study of the transitional 
cell epithelioma noted above in the biopsy. There was again observed the infiltration 


of the apical pleura and the subjacent lung tissue. 





Fic. 8.—Roentgenogram, Case 3: Showing apical shadow, 


CoMMENT.—This case is complete with clinical and pathologic studies. 
The classic Hare’s syndrome was present. It is interesting that the enoph- 
thalmos of the right eye was not marked until after death. In this instance, 
the Hare’s syndrome was produced by a tumor, which by all available methods 
of investigation would appear to have had its origin from an extrapulmonary 
site in the superior aspect of the right pulmonary sulcus. 

III. Symptoms.—The clinical manifestations of the “Superior Pulmonary 
Sulcus Tumor” are strikingly constant and, inasmuch as they are expressive 
of pressure-destruction effects upon structures contiguous to the pulmonary 
apex, they are necessarily common to a variety of neoplastic and inflammatory 
tumefactions occurring in this region. 

Pain of an intractable type, referred to the shoulder, scapular region, 
axilla and down arm to fingers, is almost invariably the first symptom noted 
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and precedes by several months all other signs including roentgenologic evi- 
dence of apical shadow. It is, therefore, not remarkable that the early his- 
tories, in the majority of instances, record periods of treatment for arthritis, 
neuritis, subdeltoid bursitis, angina pectoris and allied conditions. This symp- 
tom is next followed by a rapid and progressive loss of weight and strength 
accompanied by a chronic, dry, irritating cough, dyspnea and cyanosis. 
Roentgenograms made at this time will usually reveal an early apical density, 
thus completing a picture which leads to a diagnosis of apical pulmonary 
tuberculosis. It will be noted that Case 1 of our series was so classified and 
received pneumothorax therapy at a tuberculosis sanatorium over a period 
of several months. Myosis, ptosis of the upper lid and hyperhidrosis may 
occur early, late or may’ be absent throughout, irrespective of the extent of 
the pathology. Hyperesthesia, anesthesia and muscular atrophies involving 
the arm and small muscles of the hand are variable and inconstant in oc- 
currence. Erosion of vertebral bodies and ribs, extension of process to 
supraclavicular nodes and actual growth of the primary tumor into the cervi- 
cal planes are later observed as the disease advances. 

As has previously been emphasized, these symptoms are not peculiar to 
the “Superior Pulmonary Sulcus Tumor” as such, since they are merely evi- 
dence of varying degrees of pressure and destruction in the neighborhood 
of pulmonary apex and may, therefore, be induced by numerous conditions 
occurring in this region. It should, furthermore, be observed that Hare’s 
(Horner’s) syndrome is likewise nonspecific, since it has been shown to 
accompany various lesions affecting the apical region, whereas this sign is 
conspicuous by its absence in Case 1, a classic advanced type of “Superior 
Pulmonary Sulcus Tumor.” 

SumMMARY.—It has been the purpose of this study to evaluate the patho- 
logic status of the so-called “Superior Pulmonary Sulcus Tumor” and to 
establish the clinical significance and relationship thereto of the symptom 
complex variously known as Hare’s or Horner’s syndrome. The controversial 
literature pertaining to this subject has been analyzed, the history and clinical 
aspects of Hare’s syndrome have been considered, and the clinical and patho- 
logic aspects of the “Superior Pulmonary Sulcus Tumor” in conjunction 
with a carefully studied series of eight apical tumors have been submitted. 
It is our belief that this material presents evidence which adequately sup- 
ports the following conclusions : 

CONCLUSIONS 

(1) That there does exist, at the superior pulmonary apex, an epithelial 
neoplasm which is distinguished from all other tumors common to this region, 
(a) by its lack of origin from any known adjacent tissue or from metastatic 
foci; and (b) by a histologic picture suggestive of an embryonal source. 

(2) That the accurate identification of this tumor must be conditioned 
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upon: (a) The exclusion of lung, pleura, ribs, periosteum, vertebrae and 
mediastinal structures as a source of origin; (b) the histologic proof of a 
squamous cell epithelioma ; and (c) satisfactory demonstration of the absence 
elsewhere in the body of a possible focus for metastatic spread. 

(3) That the symptom complex, redescribed by Pancoast and known as 
the “Pancoast syndrome,” is decidedly not a specific manifestation of the 
“Superior Pulmonary Sulcus Tumor” but may be induced by various types 
of neoplasms as well as other pathologic conditions occurring in proximity 
to the pulmonary apex. 

(4) That the syndrome attributed to Horner was fully described by 
Hare 31 years before Horner's publication and that, therefore, it should 
properly be known, and is so herein recorded, as Hare’s syndrome. 

(5) That in its early stages, this disease is almost invariably treated as 
arthritis, neuritis, apical tuberculosis, angina pectoris or subdeltoid bursitis, 
and that early roentgenologic study, in obscure conditions of this type, may 
well bring this condition within the realm of efficient surgical therapy. 

(6) That roentgenotherapy has proven to be futile as a method of 
treatment. 

(7) That of eight cases of apical tumor presented, three definitely con- 
form to the above stated conditions for identification of the ‘Superior Pul- 
monary Sulcus Tumor.” 

The authors desire to acknowledge their very great appreciation of the cooperation 
of Dr. Douglas Symmers, Director of Pathologic Laboratories, whose invaluable in- 
spiration, assistance and advice proved to be a large factor in the preparation of this 


report. 
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LEIOMYOSARCOMA OF THE STOMACH* 


REPORT OF THREE CASES 
Guy W. Horsuey, M.D., 


AND 
R. A. Bercer, M.D. 
RicuMonp, Va. 
FROM THE SURGICAL AND ROENTGENOLOGIC DEPARTMENTS OF ST. ELIZ ABETH'S HOSPITAL, RICHMOND, VA. 
GASTRIC LEIOMYOSARCOMA is the least common of the sarcomata which 
involve the stomach. The following statistics indicate its rarity in comparison 


with other mesothelial tumors (Table I): 


TABLE I 


COMPARATIVE OCCURRENCE OF VARIOUS TYPES OF SARCOMATA OF THE STOMACH 


Lympho- Fibro- Leiomyo- 

sarcoma sarcoma sarcoma 
D’Aunoy and Zoeller! Series 135 cases............. 63.0% 14.0% 9.0% 
Balfour and McCann? Series 54 cases............. 71.3% 13.3% 6.7% 


Ewing® states that 1 per cent of all gastric neoplasms are of smooth muscle 
origin. Fenwick* believes the rate is about 5 per cent, while Yardunnian® 
places it at one in 300. 

Benign myomata are not so rare, since 16 per cent of all necropsies 
( Rieniets®) show small tumors in the gastric wall, and, therefore, only a small 
percentage of these apparently undergo malignant transformation. The benign 
lesions, in themselves, are of little clinical or pathologic importance, unless 
ulceration takes place, anemia presents itself, or a malignant degeneration 
supervenes. 

The sarcomatous lesions are described as occurring within the stomach 
(intragastric), outside the stomach (extragastric), or invading the wall (in- 
filtration). Grossly, the tumors are quite innocent in appearance. The de- 
marcation is sharp, encapsulation is apparent, and they are quite vascular, and 
are of a mahogany color interspersed with some yellowish portions. The 
intragastric and extragastric varieties are usually attached by a pedicle. 

The leiomyosarcomata have been described as the least malignant of all the 
gastric neoplasms. Metastases are slow, usually limited, and local, though 
enormous nodules in the liver have been described. 

There are no sex differences, the occurrence being about equal in males and 
females. The fourth and fifth decades of life show the greatest incidence. 

The sites of predilection are usually the curvatures, the greater first, 





* Read before the Eastern Radiologists, Washington, D. C., February 11, 1939. Sub- 
mitted for publication April 3, 1930. 
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followed in turn by the cardia and the lesser curvature. The pylorus is no- 
toriously free of involvement.? 

There is nothing particularly characteristic in the symptomatology of 
leiomyosarcoma. The symptoms may simulate those of ulcer, with pain as a 
predominant feature, which yields for a time to an ulcer regimen. The dura- 
tion of symptoms is usually longer than in carcinoma. However, the loss of 
weight and strength is not pronounced, and nausea and vomiting are rarely 
present. 

On physical examination, a mass is invariably palpable, which appears to 
be out of proportion to the patient’s status of health. The tumors vary in 
size, and masses weighing as much as 12 pounds have been reported.* The 
size of the mass in relation to the patient’s state of health is apparently one 
distinguishing feature, as in carcinoma greater debility would be present with 
a mass of corresponding size. 

Roentgenologically, there is no fixed rule which may be employed in the 
differential diagnosis. Fluoroscopic examination offers the most informa- 
tion. Under the screen, movements of the gastric wall can be studied in rela- 
tion to the mass, and the mucosa can be examined for pathologic involvement. 
In the presence of a mass producing a pressure deformity without alteration 
in the physiologic movements, and with no or a very shallow ulceration in 
proportion to the size of the mass, one should be suspicious of a smooth muscle 
tumor. 


CASE REPORTS 

Case 1.—W. T. C., female, age 62, married, was admitted to St. Elizabeth’s Hospital, 
August 6, 1937, complaining of a fulness in the chest, a mass in the abdomen, and some 
loss of weight and appetite. Her first symptoms had appeared two weeks before admis- 
sion. Up to that time she had been feeling well and appeared to be in excellent health 
except for the loss of nine pounds in weight during the previous six months. Past and 
family histories were essentially negative. On physical examination, the patient was 
underweight (a small woman), dehydrated, and anemic. There was definite lagging on 
the right side of the thorax with dulness below the scapula. The left lung was negative. 
The heart was displaced to the left and downward. Blood pressure 120/80. 

Abdominal examination showed a movable mass in the upper left abdomen which 
would descend with inspiration. There were no enlarged lymph nodes in any part of the 
body. The Wassermann test was negative. Hemoglobin 65 per cent (Sahli), R.B.C. 
3,300,000. The gastric contents showed an absence of free hydrochloric acid, and the 
combined acid was 20 to 24. 

At a previous roentgenologic examination, the films of which were brought to the 
hospital with the patient, a diagnosis of a gastric carcinoma had been made. A review of 
these films suggested that something other than carcinoma was present, and another ex- 
amination was advised. On the second examination the stomach was found to be de- 
formed by an extragastric mass which apparently moved simultaneously with the stomach. 
No irregularities were noted in the stomach wall or mucosa, except for a pressure defect 
on the lesser curvature and posteriorly. The colon was similarly displaced (Fig. 1). The 
proximity of the tumor to the renal area suggested that it might have arisen there, so a 
urographic study was advised. The left kidney demonstrated no distortion either intrinsi- 


cally or extrinsically. 
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Roentgenologic examination of the lungs revealed the right lung field to be partially 
obscured by fluid. There was no demonstrable evidence of metastases, and none could be 
found on a subsequent examination after the fluid had been withdrawn. The pleural fluid 
was clear, and no cause for its presence could be found either at that time or later. 

Operation by Dr. J. Shelton Horsley revealed a large growth which was attached to 
the lesser curvature of the stomach. Because of its vascularity and the firmness of the 
attachment, a sleeve resection was deemed advisable. 

Pathologic Examination: Gross—The specimen consisted of about two-thirds of the 
stomach with the growth attached. The growth involved the lesser curvature of the 


nee 





Fic. 1.—Roentgenogram of Case 1 before operation, showing no invasion of 
mucosa or ulceration. 
stomach to which it was firmly attached. It was bosselated, but the protrusions were 
smooth and usually covered with peritoneum. Some portions were yellow and others were 
mahogany-colored. It appeared to be a solid growth, although it was rather soft in places. 
The growth measured 14x9x7 cm., and the entire specimen measured 12 cm. along the 
lesser curvature and 18 cm. along the greater curvature. 

Inspection of the mucosa seemed to show that it was normal, except for a few small 
ecchymotic areas on the lesser curvature. On section of the growth, the tumor was solid, 
but was soft and had a brownish, granular-like appearance. The mucosa was not adherent, 
but moved freely and the growth seemed to have sprung from the muscular coat of the 
stomach (Fig. 2). 

Microscopic.—The cells were quite long, with large, oval nuclei. They were ar- 
ranged in palisades, and occasionally seemed to be grouped around the blood vessels. The 
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nuclei were hypochromatic and contained mitotic figures. The cytoplasm of the cells was 
scant and poorly defined. There were numerous blood vessels seen throughout the sec- 
tions, which apparently accounted for the dark color of the tumor. No epithelial struc- 
tures were found in the entire growth (Fig. 3). Pathologic Diagnosis: Leiomyosarcoma. 

A follow-up examination of this patient, November 22, 1938, did not demonstrate 
any evidence of recurrence of the lesion, and the lung fields were still free from metastases 
or fluid. 

Case 2.—A. P. B., female, age 48, married, was admitted to St. Elizabeth’s Hospital, 


August 7, 1938, complaining of a mass in her side which had been present for several 





Fic. 2.—Cross-section of specimen from Case 1 showing its broad pedicle and 
no involvement ot gastric mucosa. 

years. She had paid little attention to it until recently when it became tender. She sought 
relief chiefly for a menorrhagia and metrorrhagia. The family and past histories were 
irrelevant. Physical examination revealed the patient to be slightly underweight. There 
was some slight distention of the abdomen, and in the upper left quadrant a movable mass 
was felt which seemed to be cystic. The Wassermann was negative. Hemoglobin 70 per 
cent, R.B.C. 3,500,000. 

The palpable mass in this case, plus the pressure deformity of the stomach and the 
displacement of the colon as seen roentgenologically, should have made us suspicious of a 
lesion similar to that found almost a year previously in Case 1. This stomach, as in the 
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preceding case, showed no roentgenologic evidence of an infiltrating lesion, and no changes 
in the mucosa or peristaltic activity. Clinical Diagnosis: Extrinsic tumor. 

At operation by Dr. J. Shelton Horsley, a large irregular tumor was found attached 
to the posterior wall of the stomach by a broad pedicle. The pedicle was clamped and the 
tumor was removed. 

Pathologic: Examination: Gross—The specimen consisted of a large tumor which 
measured I5xX11.5x12 cm. It was oval in shape and contained numerous bosselations 
over its surface. There were numerous lymphatic adhesions over the surface, but the 
tumor had a very distinct pedicle which was attached to the stomach (Fig. 4). The 
pedicle contained all layers of the stomach except the mucosa, and obviously arose from 
the muscular layer. On section, there was a small necrotic area in the lower anterior 





e > ne. & 
Fic. 3.—Photomicrograph of section from the tumor in Case 1. 

(X200) 
portion, and the tissue seemed to be divided into lobules similar to those of a uterine 
myoma. 

Microscopic examination showed muscular tissue, the cells being spindle-shaped with 
ovoid nuclei. The nuclei in this specimen were smaller than those in Case I and were 
hyperchromatic. The acidophilic cytoplasm was more prominent in this tumor and there 
were fewer mitotic figures noted. The cells were arranged in circles, or columns, but 
there was no stroma separating the cell groups (Fig. 5). The growth was not as vascular 
and contained several areas where the tissue had undergone necrosis which was probably 
due to lack of proper blood supply. 

The patient made an uneventful recovery, and was well when last seen by her physi- 
cian a few weeks ago, six months after the operation. 

Case 3.—This case is from the series of Dr. F. Mandeville, Professor of Roent- 
genology at the Medical College of Virginia. The patient, L. D., male, age 34, was 
admitted to the Memorial Hospital, Richmond, Virginia, October 25, 1938, complaining 
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of a mass in the abdomen. About four months previously he had had all of his teeth ex- 
tracted for pyorrhea, and soon afterwards he noticed a fulness in the abdomen which 
became particularly apparent after eating. His capacity for food intake became greatly 
diminished, and about three weeks before admission he had noticed a nontender mass in 
the abdomen. There had been occasional nausea and vomiting. The tumor had gradu- 
ally increased in size since it was first noticed, and the patient had lost about 20 pounds in 
weight within the past few months. There was a history of neisserian infection in 1923, 
and of a chancre in 1931, for which he received antiluetic treatment. The family history 
was irrelevant. 

Physical examination revealed an undernourished, white male. There were no pal- 
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Fic. 4.—Drawing of gross specimen from Case 2. Note the small pedicle. There was 
also no involvement of mucosa in this case. 


pable lymph nodes. The lower ribs on the left side were prominent and flared outward. 
The left upper quadrant of the abdomen presented a soft, nodular, elastic mass about the 
size of a grapefruit which was plainly visible. The mass would descend on inspiration. 
Hemoglobin 85 per cent, R.B.C. 4,050,000; W.B.C. 6,700. 

Roentgenologic examination showed the mass in this case to be considerably larger 
than in the two former patients, but the findings were again quite similar. The tumor in 
this instance was anterior, however, but it also involved the lesser curvature. There was 
no evidence to suggest mural or mucosal involvement. Although an area suspicious of 
ulceration was seen near the cardiac end of the stomach, this was not confirmed by gastro- 
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scopic examination (Fig. 6). In the lung fields several small metastatic nodules were 
visible, and a large mass was found behind the heart and just above the elevated diaphragm. 
Preoperative Diagnosis: Sarcoma. 

At operation the size of the tumor prevented its removal. It was partially filled with 
degenerated blood, and after evacuation it had a gelatinous appearance. 

Microscopic examination of the tissue showed a picture similar to that seen in Cases 
1 and 2, except for larger nuclei with less cytoplasm. The entire structure was very vas- 
cular and there were numerous blood cells in the interstitial spaces. 
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Fic. 5.—-Photomicrograph of section from Case 2. (X250) 


The differential diagnosis in gastric sarcoma is difficult. An intragastric 
leiomyosarcoma would not be distinguishable from a polypoid lesion within 
the lumen. The infiltrating variety likewise would be difficult to differentiate 
from a linitis plastica type of stomach. Carcinomata are fairly characteristic. 
Lymphosarcoma may give a similar appearance. Archer and Cooper® con- 
cluded that there is no single pathognomonic sign for the latter. Neither is 
there any for leiomyosarcoma. 

The cases described are of interest because of the rarity of the tumor and 
the associated clinical features. There is a wide range in the age limit in this 
series and a considerable variation in the symptoms. One thing is common to 
all three cases: Each patient knew that a mass was present, one for several 
years, and the others for two and three weeks. All three had lost some 
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weight, pronounced in one, but not marked in the others. The laboratory data 
and the physical examination, outside of the mass, offer no distinct diagnostic 
feature. Roentgenologically, the findings were quite similar, showing a mass 
producing deformities, two of which revealed no evidence of ulceration and 
one was only suspicious of mucosal invasion. Ulceration, if it occurs in 





i 


Fic. 6.—-Roentgenogram of Case 3. Note normal rugae of gastric 
mucosa. 


leiomyosarcoma, is usually shallow and small in character, and therefore might 
asily be overlooked on roentgenologic examination. 

Correlation of the signs, symptoms and roentgenologic findings in the three 
cases in this report and those described in the literature, with diagnostic cri- 
teria in mind, leads us to believe that there is no single feature or group of 
findings upon which reliance may be placed. A fairly long history, moderate 
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debility, palpable mass of variable size, with little roentgenologic evidence, 

except for pressure deformity on the gastric wall, may be applicable criteria 

for the diagnosis of gastric leiomyosarcoma. 
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TOTAL GASTRECTOMY FOR CARCINOMA OF THE STOMACH* 


Wituiam T. Lemmon, M.D., 
AND 
GrorGE W. Pascua, Jr., M.D. 
PHILADELPHIA, Pa. 

FROM SURGICAL DIVISION ‘*,”’ OF THE JEFFERSON MEDICAL COLLEGE AND HOSPITAL, PHILADELPHIA, PA. 

FINNEY AND RIENHOFF! gave Schlatter credit for having performed the 
first successful total gastrectomy upon man, in 1897, demonstrating that anas- 
tomosis could be successfully accomplished between the esophagus and the 
jejunum. They emphasized and urged correct usage of the term “total gastrec- 
tomy,” pointing out that this implies nothing short of complete removal of the 
stomach and that the resected organ should show a portion of the esophagus 
on one end, and a part of the duodenum on the other. 

This operation affords little hope for a permanent cure but it does pro- 
long life and adds materially to the patient’s comfort. The case herewith 
reported lived for seven months, the greater part of which was spent in com- 
fort. Search of the literature revealed that most of the patients subjected 
to total gastrectomy died within 18 months, yet Zikoff had a patient alive four 
years and eight months after operation, that being the longest recorded 
period after total gastrectomy. Mayo, Allen* and others report patients hav- 
ing lived as long as four years. A moderately large number of successful 
cases that have lived as long as three years have been reported. Many of these 
patients were returned to varied useful activities and were spared an in- 
evitable earlier death only by having been subjected to the operation. It is 
difficult to make an accurate report on the number of total gastrectomies that 
have been performed. In recent years, the operation has been attempted 
more frequently but, undoubtedly, all cases have not been reported. In 1933, 
Roeder? reported 88 cases of total gastrectomy which had been performed up 
until that time. This record included three cases of his own, and is possibly 
the most accurate and comprehensive study that has been presented. There 
was a primary operative mortality rate of 50 per cent among these 88 patients, 
the percentage being based upon the patient living as long as two months 
after operation. He reports only 44 successful cases of total gastrectomy. 
Doctor Lahey® reports eight total gastrectomies at his clinic, the last five of 
which have been successful. 

Peritonitis and “‘shock” were predominating factors in early deaths. The 
peritonitis was more frequently the result of leakage than from soiling. This 
can, quite reasonably, be avoided by proper utilization of the peritoneum sur- 
rounding the esophageal orifice. Adrian Verbrugghen® reported a study of the 
intramural extension of gastric carcinoma cells, and showed that at least four 

* Read before the Philadelphia Academy of Surgery, January 16, 1939. Submitted for 
publication March 17, 1930. 
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centimeters of apparently healthy stomach beyond the limits of the lesion 
should be removed with the primary growth. To follow this procedure in 
carcinoma or suspicious ulcers, would necessitate complete removal of the 
stomach in many cases of lesser curvature involvement. Wide resection is 
important to secure a sound area for anastomosis. In the case herewith re- 
ported, the lower part of the esophagus was infiltrated with the cancer and 
the thoracic esophagus had to be drawn downward about seven centimeters in 
order to secure a healthy area for anastomosis. One of our cases of subtotal 
resection for gastric carcinoma of the lesser curvature and posterior wall died 
15 days following operation because of degeneration of the tissue and leakage 
of the posterior suture line. At autopsy, we concluded that total gastrectomy 
should have been performed and would have afforded a greater opportunity 
for success. 

Hemorrhage probably accounted for some of the deaths attributed to 
“shock.” A pulmonary complication in these patients of minimal resistance 
practically removes hope for a favorable result. The use of a high spinal 
analgesic with a prolonged action greatly enhances the possibility of success 
and aids in avoiding shock and pulmonary complications. We were able to 
maintain our patient in satisfactory condition throughout operation by giving 
adequate amounts of glucose in normal saline by continuous venoclysis. We 
believe this to have a definite place during such operations. 

Recurrence of the malignancy is responsible for most of the deaths subse- 
quent to operation.® Our patient died seven months after operation from this 
cause. Anemia can be prevented and seems to present no special problem. 
Our patient was found to have a greater number of erythrocytes seven months 
after gastrectomy than she had beforehand. She had received only one blood 
transfusion of 400 cc., and that postoperatively, and at intervals had been 
given iron, liver and hydrochloric acid. 

Case Report.—I. W., female, age 63, was referred to Doctor Lemmon’s Service at 
the Bellevue Hospital, Camden, N. J., by Dr. Maurice Baker on May 5, 1938. Her com- 
plaints began about six months previously, when she noticed some difficulty in swallowing. 
Nausea and vomiting occurred intermittently for a time but for the three weeks preceding 
admission had been persistent, even after taking water. She had been troubled with a 
vague and painful discomfort across the epigastrium but, strangely, was free of distress 
on admission. Since December, 1937, she had lost 22 pounds in weight and now felt very 


weak and tired. Her mental attitude was poor. 

Studies revealed 4,070,000 red cells, leukocytes 9000, hemoglobin 90 per cent. The 
urine was alkaline and showed a faint trace of albumin. An earlier gastric analysis, 
made by Doctor Baker, showed total acidity 7, free hydrochloric acid 3, blood absent. 
A mass was palpable in the epigastrium. A roentgenologic diagnosis of extensive gastric 
carcinoma (Fig. 1) was made March 3, 1938, by Dr. E. E. Downs. 

Operation—May 7, 1938: Under spinal analgesia (200 mg. novocain in second 
lumbar interspace) the abdomen was opened through an upper right rectus incision. 
Exploration showed the stomach to be completely involved with carcinoma of the linitis 
plastica type. The lymph nodes along the curvatures were not palpable. No evidence of 
metastasis to the liver, spleen or elsewhere was seen or felt. Total gastrectomy was elected 
as the only procedure offering the patient any hope of temporary or permanent relief. 
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Operative Procedure—The blood supply was doubly ligated on both curvatures, be- 
ginning at the duodenum and extending to the esophagus, leaving as much omentum as 
possible attached to the stomach, in order to include the regional lymph nodes. The freed 
and mobilized first portion of the duodenum was divided between clamps with cautery. The 
distal end was invaginated with a Connell stitch followed by purse-string sutures and 
reinforced by an omental graft. 

The free distal portion of the stomach was covered with gauze and traction made 
downward. A flap of peritoneum was reflected from the diaphragmatic surface anterior 
to the esophagus, to be used later in the anastomosis. At this time the lowermost part 





Fic. 1.—Roentgenogram six weeks before operation, showing extensive involvement of 
the stomach by carcinoma. 


of the esophagus was found to be infiltrated by the lesion. About seven centimeters of the 
thoracic esophagus was drawn downward and freed, care being taken to avoid injury 
to the vagi nerves, the esophageal vessels and pleura. By traction on and rotation upward 
of the stomach, the posterior wall of the esophagus was exposed. A loop of jejunum 
about two feet from the duodenojejunal junction was selected and carried upward, in 
front of the colon, and brought in apposition with the posterior wall of the esophagus and 
fixed to it by several interrupted linen sutures which were so placed as to maintain the 
normal caliber of its lumen. A continuous linen suture was inserted approximating the 
esophagus and jejunum. The field was carefully packed off with gauze and the esophagus 
was incised parallel with one-half centimeter from the suture line, the contents being 
carefully aspirated as soon as the esophagus was opened. An opening of equal size was 
made in the jejunum. A posterior row of continuous locked sutures of No. o chromic 
catgut was inserted, approximating the posterior mucosal edges. Several interrupted 
sutures were used to secure hemostasis. The remaining anterior wall of the esophagus 
was divided, removing the stomach. The anterior edges were approximated with a Connell 
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stitch, this suture being a continuation of the inner, posterior row of sutures. The outer 
or posterior continuous suture was then continued anteriorly forming the second or outer 
anterior row. The previously reflected peritoneal flap was now sutured, by interrupted 
stitches, to the jejunum at the line of anastomosis. This gave a serosa-to-serosa apposition. 
The jejunum, on each side of the anastomosis, was fixed to the parietal peritoneum by in- 
terrupted linen sutures, thereby relieving tension on the anastomosis. 

A jejunojejunostomy was performed about 14 inches from the anastomosis. The 
abdomen was closed in layers without drainage. 

The operation was begun at 9:15 A.M. and ended at 12:15 p.M. She received as a 
supplement to the spinal analgesic, which 
was effective for one hour and 15 minutes, 
12 ounces of ether by open drop. During 
the course of the operation she had 2,000 
cc. 10 per cent glucose by venoclysis. Her 
condition was good throughout the opera- 
tion and she left the operating table with a 
pulse of 110, respiration 32, blood pressure 
135/85. 

Pathologic Examination.—Gross: Dr. 
B. L. Crawford. “Specimen consists of en- 
tire stomach which has been fixed, and 

Fic. 2.—Photomicrograph of a section of the measures 16 cm. from cardia to pylorus, 
stomach showing adenocarcinoma of the linitis rn , 
plastica type. The infiltration of the various lay- along the lesser curvature. The wall is 
—s the stomach by cancerous cells can be seen. markedly thickened and indurated, the wall 

averaging from 1.5 to 2 cm. in thickness. 
The mucosa is thickened and thrown into folds. No definite ulceration is observed. There 
are several, slightly enlarged, firm lymph nodes, attached to the fat on the external 





surface. 
" Histotogically, sections from the wall of the stomach reveal a diffuse infiltration of 
q all the coats by clumps of epithelial cells and also extensive inflammatory reaction and 





Fic. 3.—Photomicrograph showing the in- Fic. 4.—Photomicrograph of a_ regional 
vasive, infiltrating nature of the cells in the lymph node showing metastasis. (X100) 
linitis plastica type of adenocarcinoma. (X100) 


fibrosis. The mucosa is not completely destroyed in most areas, but is largely replaced 
; by the infiltrating tumor cells. The tumor cells also replace much of the musculature. 
The enlarged lymph nodes contain many clumps of infiltrating epithelial cells. 
Pathologic Diagnosis: Diffuse adenocarcinoma of the stomach, leather-bottle type, 
with metastasis to the regional lymph nodes (Figs. 2, 3 and 4). 
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The patient had a strikingly smooth convalescence, her fluid balance and nourishment 
being maintained by venoclysis and one blood transfusion of 400 cc. of citrated blood. On 
the fourth day she took fluids by mouth. On the sixth day she was given semisoft focd 
with no ill effect. She was discharged on the twentieth postoperative day, having repeated 
hunger sensations which were satisfied by frequent, small feedings of a varied diet which 


caused no digestive distress. 





L 


Fic. 5.—Roentgenogram made five months after gastrectomy. Barium can be seen in the 
esophagus and upper small bowel. 


Subsequent Course-—At home, she gained eight pounds and performed household 
duties. Anemia was controlled by administration of liver, iron and hydrochloric acid. In 
September, 1938, she began to complain again of difficulty in swallowing and on Septem- 
ber 20, Dr. Louis H. Clerf, at the Jefferson Hospital, inspected the esophagus. He found 
that it “appeared normal until the lower end was reached; at this point the mucosa was in- 
flamed; along the anterior and left lateral wall it was moderately edematous and _ thick- 
ened. No ulceration observed. Nothing found to suggest neoplasm. The lumen was 
narrowed but with the aid of a bougie it was possible to pass an esophagoscope which had 
an external diameter of about one centimeter. The mucosa of the food passageway beyond 
the end of the esophagus was intensely red.” He remarked, “The narrowing may be 
due to malignancy or cicatricial changes. There was nothing noted, however, to suggest 
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that the process was malignant in origin. I would suggest that dilatation be carried out 
at intervals of one to two weeks for a time using an olive-tipped bougie passed over a 
previously swallowed string.” This narrowing responded to dilatation. Roentgenologic 
examination at this time revealed a functioning stoma without obstruction (Fig. 5). Dil- 
atation was done at intervals with relief, but in late November, 1938, when she was unable 
to retain anything by mouth, a second operation was necessary. 

On her second admission, she had lost more weight than she had gained. Her skin 
was dry and loose from marked dehydration and malnutrition. Erythrocytes 4,200,000, 
leukocytes 14,200, hemoglobin 81 per cent. After four 400 cc. blood transfusions, she had 
an erythrocyte count of 4,760,000 and a hemoglobin of 90 per cent. She had also received 
a considerable amount of glucose and fluids by venoclysis to combat dehydration and aid 
nutrition. 

The second operation, December 4, 1938, revealed diffuse metastatic carcinomatosis 
with multiple intestinal obstructions. The liver, even now, showed little involvement 
grossly. A jejunostomy was performed. The patient died, December 7, 1938, seven 
months after the removal of her stomach. 


We believe, with Dr. Frank H. Lahey, of Boston, that the proper con- 
servation and utilization of the peritoneal flaps adjacent to the esophagus is 
one of the most important factors in preventing leakage at the site of 
anastomosis. We wish to call attention to the sustained normal erythrocyte 
count. It is of interest to note that this unanticipated operation was per- 
formed through a right rectus incision; that no Levine tube was employed 
either during or after operation, due to the patient’s absolute refusal to have 
it passed; that the anastomosis was accomplished without clamps; that no 
jejunostomy was performed, and that it was the operator’s first complete 
gastrectomy. The patient was comfortable and entirely free of complaints 
for a period of six months during which she enjoyed eating, gained weight 
and had a useful existence. 
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PERFORATIONS OF THE GASTRO-INTESTINAL TRACT* 
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PART TWO 


Traumatic Perforation of Stomach and Duodenum.—lIn our series, there 
was only one case of traumatic percutaneous perforation of the stomach. This 
occurred in a woman, age 31, who shot herself through the epigastrium in 
an attempted suicide. She was admitted to the hospital but died before she 
could be operated upon. Autopsy revealed an hemoperitoneum with retro- 
peritoneal hemorrhage, tearing of the liver, perforation of the stomach and 
laceration of the pancreas, spleen and left kidney. 

If patients do not succumb immediately to external injury with shock and 
hemorrhage, they must be considered as a surgical emergency, and an explora- 
tory celiotomy must be performed immediately. 

Retroperitoneal rupture of the duodenum, after external violence to the 
upper abdomen, must be included in the differential diagnosis. The clinical 
picture differs from intraperitoneal rupture, and a thorough exploration of 
the duodenum is indicated. The mortality is high if the perforation is not 
closed early. Frost and Guy*® reported two cases of multiple perforations of 
the duodenum: One was caused by external violence and was unrecognized at 
the time of operation; the other was the perforation of separate duodenal 
ulcers, which perforated either simultaneously or within a period of eight 
hours. At operation, the second opening was discovered because of the 
persistent leakage of fluid after the closure of the first perforation. 

In our series there were two patients, each of whom had two duodenal 
ulcers. One case had two perforations of separate ulcers, 22 months apart. 
Another case died after operation and at autopsy showed a diverticulum of 
the duodenum and two ulcers, one of which had perforated. Diffuse peritonitis 
was present. 

PERFORATION OF THE SMALL INTESTINE.—The mortality of perforation of 
the small intestine is high. In our series of 16 cases, ten died (62.5 per cent) 
and six recovered. Intestinal rupture occurs by crushing, tearing or bursting 
of the intestine. Crushing occurs by a blow against the abdominal wall with 
crushing of the intestine against a fixed structure. Tearing is caused by a 
tangential blow which severs the intestine from its attachements, the tear 
going into the bowel or into the mesentery. Bursting is due to fluid or gas 
caught in the bowel as in a strangulated hernia. Perforation can also result 


* Read before The New York Surgical Society, March 1, 1939. Submitted for pub- 


lication February 12, 1939. 
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from the erosion of an inflammatory process such as an ulcer (tuberculous, 
typhoid, marginal or simple) or segmental enteritis or diverticulitis. Typhoid 
fever ulcers of the small intestine may perforate with sudden onset and all 
signs of an acute emergency. The nine pathologic conditions preceding per- 
foration in our series are listed in Table XX VI. 


TABLE XXVI 


ETIOLOGIC FACTORS OF PERFORATIONS OF THE SMALL INTESTINE 


Disease Cases Operation Result Cause of Death Autopsy 
Tuberculous ulcer........ 2 1 Suture Died 2  Peritonitis 2 2 
‘Typpoid ticer............ 2 1 Suture Died 2  Peritonitis and disease I 
Marginal ulcer.......... 2 2 Cured 2 
Strangulated hernia...... I I Died 1  Peritonitis 
Jejunal ulcer............ I I Died 1  Peritonitis I 
Diverticulitis. ........... I I Died 1  Peritonitis I 
Meckel’s diverticulum I I Cured I 
Segmental enteritis. .. 2 2 Died 1  Peritonitis I 
Cured | 

i 4 3 Died 2  Peritonitis 2 
Cured 2 

ER ae 6 1 10 Died, 6 Cured. Mortality 62.5% 8 


ABBREVIATED CASE REPORTS OF PERFORATIONS OF THE SMALL INTESTINE 
Perforation of Tuberculous Ulcers 


Case 1.—P. B., age 64, had had signs of pulmonary tuberculosis with shortness of 
breath for two years, and pleurisy. He was admitted to the hospital with a possible 
diagnosis of lung tumor which was confirmed by bronchoscopy. The patient went steadily 
downhill and died ten days after admission. The autopsy findings were active pulmonary 
tuberculosis, pneumonia of the right lower lobe, myocardial degeneration, marked tuber- 
culous enterocolitis and perforation of a tuberculous ulcer of the ileum, one inch from the 
ileocecal valve. 

Case 2.—C. L., age 76, had been operated upon for an appendiceal abscess nine 
months before admission. The appendix was removed and an opening in the ileum was 
closed, and the operative wound never healed. He was admitted later, with the com- 
plaint that his bowels had not moved for eight days. The abdomen was distended and 
tender. He was operated upon for a diffuse peritonitis, with closure of a perforation of 
the ileum. He died the day following admission and at autopsy a tuberculous enteritis 
with perforation was found with a fibrinopurulent peritonitis. 


Perforation of Typhoid Ulcers 


Case 3.—H. F., age 36, had been ill for three weeks with typhoid fever. The night 
before admission he suddenly experienced severe pain in the left lumbar region radiating 
to the right lower quadrant, due to perforation. The temperature was 102.2°F., pulse 80; 
W. B. C. 7,600, polymorphonuclear leukocytes 62, eosinophils 1. At operation, the last 
six to eight feet of the small intestine were found to be red, with a granular surface. Two 
perforations, 18 inches from the ileocecal valve, were closed with purse-string sutures. A 
number of other bluish, indurated areas were seen in the lower ileum and cecum. The 
patient died on the fifth postoperative day, with a temperature of 107.2°F., and a pulse of 
150. 

Case 4.—H. G., age 33, six days before admission had had a severe attack of head- 
ache. On the third day of his illness he had a severe epistaxis. On admission, his ab- 
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domen was slightly distended, soft and tender. The liver and spleen were not palpable. 
Four days after admission he had a severe intestinal hemorrhage. Three days later 
there was suspicion of a perforation. A surgical consultation was held but it was thought 
that no perforation was present. The patient died ten days after admission. Autopsy 
showed perforation of the ileum, four inches from the ileocecal valve. 


Perforation of Marginal Jejunal Ulcer 


Case 5.—P. O., age 44, suddenly experienced severe pain in the epigastrium which 
continued for six hours, until admission. Two and one-half years previously, he had had 
simple closure and gastro-enterostomy for a perforated gastric ulcer. He had pain 
after eating. On admission, there was rigidity of the upper abdomen, absence of liver 
dulness, and a diagnosis of perforated ulcer was made. At operation, there was 
greenish, turbid fluid and gas in the abdomen. A perforation of the jejunum just opposite 
the gastro-enterostomy was found. This was closed and the patient made an uneventful 
recovery. 

Case 6.—J. O., age 43, had “stomach trouble” for ten years. He had had a per- 
forated gastric ulcer which was operated upon elsewhere. Upon admission, a posterior 
gastro-enterostomy was performed, and a mass of scar tissue was found at the pylorus, 
adherent to the liver and infiltrating the pancreas. Roentgenologic examination had 
shown no evidence of retention. Following this, he was well for eight and one-half years, 
when he developed hunger pain, which continued to disturb him for 18 months. Sixteen 
hours before admission, he felt a severe “doubling-up” pain all over the abdomen. On 
admission, the abdomen was distended and board-like. At operation, purulent material 
was found in the peritoneal cavity. A perforated jejunal ulcer was found at the site of 
the gastro-enterostomy which had to be separated. An end-to-end anastomosis of 
the jejunum was performed. A jejunocolic fistula was also repaired. As the pylorus was 
open—this was demonstrated by passing a finger through it—the stomach was closed. 
Recovery was uneventful, but the patient died five months later from pulmonary tuber- 
culosis. 


Perforation of a Strangulated Hernia 


Case 7.—D. C, female, age 54, had a femoral hernia for 20 years. This became 
strangulated a few hours before admission. She was operated upon immediately and 
perforation of the ileum, with generalized peritonitis, was found. The loop of intestine 
was exteriorized and the abdomen drained, but the patient died 12 hours later. 


Perforated Jejunal Ulcer 


Case 8.—M. R., male, age 55, had diarrhea for 11 months, passing ten to 20 
stools daily. He had lost 35 to 45 pounds in weight, and had been weak for the past 
seven months, during which time he had an occasional fever up to 104°F. There was pain 
in the right upper chest of seven weeks’ duration. Cholecystostomy had been performed 
in 1928, at which time diabetes developed. Three years later cholecystectomy was per- 
formed. <A provisional diagnosis of colitis and possible pernicious anemia, was made. 
The hemoglobin was 30 per cent, R. B. C. 1,500,000; W. B. C. 4,200. The polymorpho- 
nuclear leukocytes were 52 per cent. The spleen was palpable. Sepsis was suspected. 
The patient had high temperature. 

One month after admission to the Medical Service, he developed an acute abdomen, 
which suggested perforation. He was operated upon and a large perforation of the small 
bowel was discovered. The abdomen was drained but the patient died. 

At autopsy there were a number of interesting findings: Mesenteric thrombosis with 
pulmonary emboli; acute congestion of the lungs; spontaneous perforation of the jejunum 
with generalized peritonitis; acute enterocolitis; marked lymphoid hyperplasia of the 
jejunum and ileum. Plaques were found in the first three feet of the small intestines. Six 
inches from the duodenojejunal juncture a perforation was found, probably of one of 
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the plaques seen on the mucous membrane of the intestine. Microscopic examination 
showed marked proliferation of the reticulum of the lymph follicles with almost complete 
destruction of the normal architecture, and scattered throughout were larger and smaller, 
irregular giant cells, usually with a single nucleus. The dominant cells remained as 
a small lymphocyte. Patches of similar histologic character were found on the serosa of 
the small intestine. There were peritoneal and mediastinal lymph nodes—the same his- 
tologic picture as described in the intestine—with destroyed normal architecture and 
marked increase of the reticulum. Here and there were smaller areas of necrosis and the 
presence of giant cells that did not resemble Dorothy Reed cells. Scattered throughout 
the nodes were vascular thrombi, some recent, some of longer duration. Areas of coagu- 
lation necrosis were in close proximity to these vascular thrombi. 


Gerster*! recently published an exhaustive study of 128 reported cases of 
jejunal diverticula found in the literature. This article was written on the 
basis of a case which he had operated upon and which is included in our 
series, abstracted and reported herewith. 


Perforation Due to Diverticulitis 

Case 9.—T. A., age 51, was seized with severe pain in the lower abdomen on the 
day of admission. There was rigidity throughout the entire abdomen and tenderness 
mainly in the left lower quadrant. Temperature 102.4°; pulse 100; W. B. C. 8,400, and 
78 per cent polymorphonuclear leukocytes. At the time of operation a loop of jejunum 
was found about 12 inches from the duodenojejunal juncture, which was apparently the 
cause of the peritonitis. In this portion there were eight distinct diverticula with no 
gross evidence of perforation, at the time of operation. At autopsy, however, perforation 
of the lowermost diverticulum, at the right-hand side of the mesentery, was found. There 
were six diverticula, measuring from 3 to 6.5 cm., three on the left and three on the right 
side of the mesentery, the total area representing 80 cm. of the small intestine. There 
was acute dilatation of the stomach, duodenum and jejunum as far as the region of the 


perforation. 
Perforation of Meckel’s Diverticulum 

Case 10.—R. K., age 27, had generalized abdominal cramps for six hours, with 
vomiting, fulness in the abdomen and cramp-like pains every 30 minutes. The bowels had 
moved. There was spasm and tenderness 2 cm. below McBurney’s point. W. B. C. 
15,000, 90 per cent polymorphonuclear leukocytes; temperature 100.2°. The patient was 
observed with an uncertain diagnosis. The leukocytes dropped to 7,000 but the poly- 
morphonuclear count remained at 90 per cent. Roentgenologic examination of the abdo- 
men showed signs of obstruction. The patient was operated upon the third day after ad- 
mission and a perforated Meckel’s diverticulum was found, with intestinal strangulation 
due to a ring formed by the diverticulum and a band. The patient had a very serious and 


stormy convalescence, complicated by pneumonia, but eventually recovered. 
Perforation Due to Segmental Enteritis 


Case 11.—A. D., age 54, had three attacks of abdominal pain, with loss of 
weight and blood in the stool during the past two years. One week before admission, he 
suffered another attack, in which the abdomen became rigid and moderately distended. 
There was marked tenderness in the left lower quadrant and a sausage-like mass could 
be felt in the lower abdomen. W. B. C. 7,000, polymorphonuclear leukocytes 79 per cent; 
temperature 102.6° F.; pulse 144. At operation, a small perforation of the ileum was 
found approximately 6 cm. from the ileocecal valve, where there was a gangrenous 
area about 4 cm. in length. This area was drained, but the patient died two days after 
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operation. Autopsy revealed segmental enteritis, measuring 35 cm. in length, proximal 
to the ileocecal valve. 

Case 12.—W. W., age 28, had been admitted two years previously, for an ulcer of 
the stomach, having had abdominal symptoms for three years. Two days before the 
present admission, he had severe, generalized lower abdominal pain. The lower abdomen 
was slightly tender, most marked in the right lower quadrant. W. B. C. 19,400, 87 per 
cent polymorphonuclear leukocytes ; temperature 99.6°F.; pulse 88. At operation, all the 
organs in the pelvis were found very adherent. There was a tumor mass 6x4 cm., but 
no gross perforation could be discovered, although an infiltration was present at the site 
of the tumor mass in the small intestine, which was drained. Roentgenologic examination 
had shown segmental enteritis for the terminal 12 inches of the small intestine (Fig. 5). 
The patient made a satisfactory recovery. A secondary ileocolostomy was performed six 
weeks after drainage of the peritoneal abscess, following which the patient made a satis- 


factory recovery. 

Traumatic Perforation.—Subcutaneous injuries of the abdomen occur in 
the following order of frequency: Liver, spleen, kidneys, intestine, stomach, 
bladder and pancreas. The intestine was involved in 11.1 per cent of all cases 
in Geill’s series.** In children, perforations of the small intestine are not 
very common. Beekman** reported two cases, occurring in 59 children ad- 
mitted to Bellevue Hospital with abdominal injury. Siegel** studied 376 
cases, in whom operation had been performed, and showed that the mortality 
increased as the time between injury and operation increased, namely, 15.2 
per cent within the first four hours; 44.4 per cent within five to eight hours ; 
63.6 per cent within nine to 12 hours; and 7o per cent after 12 hours. 

Treatment of the initial shock is of the utmost importance. Counsellor*® 
advises administering 6 per cent solution of acacia intravenously. Leakage 
from small intestinal perforation in the early hours is rare and, therefore, 
peritonitis does not occur early. Lack of peristalsis and contracture of the 
circular muscle fibers and prolapse of the mucous membrane act as a plug 
to the perforation. If the patient is in shock, treatment should be first insti- 
tuted for shock and then operation performed. If there is no shock, operation 
should be performed early, and should be as simple as possible. Long resec- 
tions of the intestine should be avoided. The intestine should be examined 
for its entire length, starting at some fixed point, such as the ileocecal region. 
Inlow*® has shown that perforations of the small intestine following trauma 
may occur late. 

Secondary perforation results from the necrosis and sloughing of an area 
of the intestinal wall on the antimesenteric border which has been contused, 
generally, either from a direct blow over the midportion of the abdomen or 
from crushing. Intestinal distention is a contributing factor. Perforation 
occurs most frequently about two weeks after the injury. The initial symptoms 
are those of abdominal trauma in general. After apparent recovery, there 
are symptoms in the intermediate stage suggesting the possibility of late 
perforation. These are recurring pain and tenderness, vomiting, meteorism, 
diarrhea, and blood in the stool. The pain of the perforation is similar to that 
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accompanying a perforated gastric ulcer. A fulminating and rapidly fatal 
peritonitis results. The prognosis of simple intestinal contusion is good. Most 


heal without being diagnosed. When necrosis occurs, however, all reported 





Fic. 5.—Case 12, W. W.: Roentgenogram showing terminal ileitis which had perforated. 


cases have proven fatal. The initial treatment is that of abdominal trauma 
in general. If visceral injury is suspected, exploration should be performed 
at once. Areas of contusion should be protected by being turned in, if very 
small; or covered with omentum or sutured to the parietal peritoneum, if 
large. Primary resection is required only occasionally. In the intermediate 
stage, perforation may be guarded against by careful dietary regimen with 
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periods of absolute withdrawal of food if necessary. Patients should be kept 
in the hospital until the critical period is past. 

In our own series there were four cases of traumatic rupture of the small 
intestine. Three were operated upon ; two recovered and one died. The fourth 


case was discovered at autopsy. Both cases that died were autopsied. 
Traumatic Perforation of Intestine 


Case 13.—T. M., age 21, was thrown from the end of a truck ten minutes before 
admission to the hospital. The abdomen struck against the tail board of the truck. The 
patient was in acute pain. There was rigidity of the abdomen and exquisite tenderness, 
especially on the left side. He was operated upon immediately, and a- perforation of the 
ileum was found, the size of a dime. The perforation was sutured, the abdomen closed, 
and the patient made an uneventful recovery. 

Case 14.—C. B., age 23, while playing ball, half an hour before admission, ran into 
a stone stoop, hitting abdomen and head. He fell to the ground. On attempting to rise, 
he fell again, aware of a dull heavy pain in the abdomen and a desire to move the bowels. 
He was admitted 30 minutes later. He was in acute pain and in shock. Respirations 
were rapid and labored; pulse 124. There was abdominal rigidity and tenderness to the 
left of the umbilicus. There was flatness on percussion of the entire left side and lumbar 
gutter, with no apparent movement on respiration. There was a small skin contusion 
to the left of the umbilicus. Catheterization showed clear urine. Rectal examination was 
negative. W. B. C. 14,000, polymorphonuclears 88 per cent; temperature, 99.2°F.; pulse 
120. As soon as the patient had overcome the initial shock, he was operated upon. The 
pelvis was found full of semifluid blood. Fibrin was present on the surface of the coils 
of the small intestine which were covered by omentum. When this was turned upward, 
a tear in the intestine on the left side of the abdomen was found, one-half inch long, op- 
posite the mesenteric attachment. This was sutured in two layers, the abdomen was 
closed, and the patient made an uneventful recovery. 

Case 15.—F. G., age 18, was admitted in coma, having been struck by a taxicab 
while roller skating. He was in shock. There was a laceration of the right supra-orbital 
region and multiple contusions of the right side of the abdomen, subconjunctival hem- 
orrhage of the right eye, and no abdominal rigidity. A spinal tap was done and blood 
found. The patient died 24 hours after admission with a temperature of 105°F., pulse 130. 
At autopsy, a contusion and abrasion were found in the right groin. There was a sup- 
purative peritonitis. The intestines were perforated in four places over an area one and 
one-half feet long. The perforations measured from 0.5 to 1.5 inches in length, and were 
near the mesentery or opposite it. Cause of Death: Ruptured intestine and acute, sup- 
purative peritonitis. 

Case 16.—J. S., age 42, was hit by a taxicab and thrown to the ground. He was 
brought to the hospital unconscious. There were areas of ecchymoses, three inches in 
diameter, around the umbilicus. Operation was performed and free blood and clots were 
found in the peritoneal cavity. Thirty inches of the small intestine were torn away from 
the mesentery. This began three inches from the ileocecal junction, and at another point, 
considerably higher up, a tear was found opening into the intestinal lumen. Both areas 
were resected. An ileocecostomy and an entero-enterostomy were performed. The pa- 
tient died two days after operation, with a high temperature. At autopsy the cause of 
death was laceration of the mesentery, acute suppurative peritonitis and bronchopneumonia. 


Intestinal Perforation Due to Carcinoma.—Perforation of gastro-intestinal 
malignancies can hardly be classed as an emergency, since it is usually known 
that the patient is suffering from carcinoma. Perforation occurs late in the 
course of the disease and death invariably follows. We had four cases of this 


43 











HERBERT WILLY MEYER Annals of Surgery 


y, 


type and autopsy in each instance proved the diagnosis of perforation of a 
malignant tumor. One case occurred a year after the successful resection of 
an esophageal carcinoma. There was recurrence in the lower stump, at the 
stomach, with perforation into the peritoneal cavity. Another case of recurrent 
carcinoma of the stomach and colon had signs of obstruction. A cecostomy 
was performed and at autopsy a perforation of the tumor of the transverse 
colon was demonstrated. One other case of perforation of a carcinoma of the 
rectum, with peritonitis, was proven at autopsy. The fourth case was one of 
carcinoma of the sigmoid, with resulting peritonitis. It was drained. At 
autopsy, multiple perforations of the sigmoid were demonstrated with involve- 
ment of the small intestine. Occasionally it may be possible that a tumor 
may perforate without previous knowledge of its presence. 

Turner*®? reports an unusual case of perforation of a carcinoma of the 


jejunum: 


Case Report.—Doctor Turner:37 The patient, a woman, age 65, had had recurrent, colicky attacks 
of pain for six months. These occurred at irregular intervals and were not accompanied by vomiting. 
She had lost some weight. Ther she experienced sudden, severe pain on the left side, accompanied by 


vomiting. The left abdomen was rigid and tender. On admission, no swelling could be appreciated. 
Pulse 84; temperature 99.4° F. Clinical Diagnosis: Urinary calculus. Roentgenologic study was, how- 
ever, negative. Vomiting recurred, and the abdomen became rigid. Under anesthesia, a mass could be 
felt in the left lower quadrant. Carcinoma of the colon or diverticulitis was suspected. At operation, 
pus escaped, and a carcinoma of the jejunum, eight inches beyond the duodenojejunal flexure, was 
found, which has perforated. 

Perforations of Intestine Due to Swallowing of a Foreign Body.—Perfora- 
tions of the small intestine due to the swallowing of a foreign body are rare. 
Open safety pins frequently pass through the intestines of children without 
causing perforation. People at times wilfully swallow foreign bodies; others 
are swallowed unknowingly. Fish bones can cause trouble, and pelvic colon 
perforation from fish bones can occur, and cause peritonitis, but are not of 
frequent occurrence. 

CoLon PERFoRATIONS.—Perforation of the colon is as frequent in the female 
as in the male. The mortality is higher than in perforation of the stomach or 
duodenum, due to the greater infectiousness of the colonic content. Zim- 
merman,*® Atwell,?® and Allan*® report cases of rupture of the colon by ex- 
ternal violence. Titorier*! gives the history of a case in which the colon was 
completely separated from the rectum by external violence. Woodbury* 
reports an instance in which a girl, age 14, fell seven or eight feet directly upon 
an erect stake. The tuberosity was first struck, and then the stake passed 
into the anus, up the rectum for two inches, through the rectal wall and then 
through the body in an oblique direction. Striking the ribs near the left nipple, 
it fractured three, and then made its exit. The stake was three inches in 
circumference. Twenty-seven inches of its length passed into the body, six 
or seven inches merging from the chest. The girl recovered so rapidly that 


she returned to school six weeks later.* 





* Robert T. Morris*® reported a case of compression perforation of the colon with five 
openings. He gathered all five openings around a central, large wick drain with catgut, 
and made no attempt at closure. The patient recovered. 


44 








Volume 112 GASTRO-INTESTINAL PERFORATIONS 


Number 1 


Exclusive of violent injury, the three most frequent causes of perforation 
of the large intestine are diverticulitis, chronic ulcerative colitis and carcinoma. 
Bargen and Cox**® have reported 50 cases in which perforation was caused by 
diverticulitis or carcinoma. Zengerling** cites the instance of an artificial per- 
foration of the rectum following rectoscopy; and states that Menegaux, in 
1933, collected ten cases of perforation of the rectum following rectoscopy. 
Five died. He, himself, reports the following case: 

Case Report.—Doctor Zengerling: The patient, a male, age 62, had a rectoscopy performed at 11 
A.M., which was very painful. Shortly after midnight the patient was brought into the hospital with only 
slight pain. Roentgenologic findings indicated an injury to the intestines. Operation was performed 
24 hours after the trauma. Loops of small intestine were located in the lesser pelvis, covered with a 
cloudy fluid. They were pushed forward and a large amount of fecal fluid escaped from the lesser 
pelvis, flowing from the ileocecal region toward the root of the mesentery. The rectum and culdesac 
had fibrinopurulent deposits. At the bottom of the culdesac there were two to three tablespoonfuls of 
purulent, brownish fluid. In the region of the pelvic colon, a rupture, 2 cm. long, was visible on the 
anterior aspect of the rectum to the left of the midline. The borders were not bleeding. Fecal matter 
was visible between them. After cleansing the lesser pelvis, the perforation was closed with two layers 
of sutures. An incision was made in the left flank and a sigmoidostomy established. The lesser pelvis 
was drained through a right stab wound. The intestine was opened with a thermocautery; intestinal 
flatus escaped. Four weeks later the sigmoidostomy was closed by operative procedure, and the patient 
made an uneventful recovery. 

In our own series, there were 18 perforations of the colon. Of the 18 
cases, 12 died (66.6 per cent). Twelve cases were perforations of diverticula 
of the sigmoid. Of the other six cases, there were four deaths. The average 
time of hospitalization was 551% days. The average blood count was: W.B.C., 
14,800, 82 per cent polymorphonuclear leukocytes. The average temperature 
was 101.2° F., and the average pulse rate 100. Inflammation of the ascending 
colon, of unknown origin, caused one perforation. Perforation was caused by 
chronic ulcerative colitis in another case, and a tuberculous ulcer caused the 
perforation in a third case. 

A huge retroperitoneal abscess, in one case, was caused by a perforation in 
the descending colon. This was incised and drained but the patient suc- 
cumbed. At autopsy, a large perforation of the descending colon was found 
and in the microscopic sections of the colon typical amebae were present in the 
submucosa. This diagnosis had not been made during life, despite attempts to 





do so. 
TABLE XXVII 
RESUME OF COLON PERFORATIONS 
No. of Result 
Cases Location Cause Operation Cured Died Autopsy 
3. Ascending colon Inflammatory? I I 
Tuberculosis I I 
Ulcerative colitis I I 
I Descending colon Amebic ulcer I I I 
12. Sigmoid colon Diverticulitis 9 4 8 8 
2 Recto-sigmoid Ulcerative colitis 2 2 2 
Sepsis 
18 15 6 12 II 
66.6% 
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There were two cases of perforation of the rectosigmoid. One was caused 
by ulcerative colitis with perforation and peritonitis ; the other (discovered at 
autopsy) was in a case of sepsis following an infection with hemolytic Strep- 
tococcus after cholecystectomy and appendicectomy. 
One of the inflammatory perforations of the ascending colon occurred in 
a child, age 5, and was so unusual that the case report is appended: 


Case Report.—A. F., female, age 5, had had pain in the abdomen for four days, 1n 
the midumbilical region. A diagnosis of appendicitis was made. There was some rigidity 
of the right side of the abdomen and a definite, quite hard, tender mass could be felt one- 
half inch to the right of the umbilicus. At the time of the first operation, a large mass 
was found in the right lumbar gutter. It was irregular, and lay in the folds of the mesen- 
tery of the ascending colon, extending up to, and partly surrounding, the intestine just 
below the hepatic flexure and down to the ileocecal junction. There were many lymph 
nodes in the mesentery. The lumen of the ascending colon was encroached upon. An 
ileocolostomy was performed, with removal of two lymph nodes. Two weeks later an 
ileocecal resection was performed. The ascending colon and three inches of the transverse 
colon were removed together with a mass of lymph nodes. Pathologic diagnosis showed 
an acute suppurative colitis with perforation of the colon, and a chronic pericolitis with 
lymphadenitis and hyperplasia of the lymph nodes. The mucosa of the ascending colon 
was normal except for two small patches of congestion, about 6 Mm. in diameter, and 
situated 2 to 4 cm. above the ileocecal valve. The lower one showed an elliptical-mouthed 
perforation, 1 Mm. in its greatest diameter, which led downward, at a 45° angle, and 
slightly to the right, into a mass of hemorrhagic, fibrous adhesions on the retroperitoneal 
surface, and was bound together with a mass of lymph nodes. No foreign body could be 
found. 

Microscopic examination of serial sections of the colon, through the area of per- 
foration, showed that the track was lined with a thick layer of fibrinous granulation tissue, 
covered in places with cylindric epithelium derived from the mucosa of the intestine. The 
granulation tissue extended for some distance beyond the tract and was infiltrated with 
many small round, plasma and endothelial cells. There was considerable destruction of 
the muscular coats and a generalized inflammatory cell infiltration of the intestinal wall. 
Sections through the congested area, in the vicinity of the perforation, showed a large 
irregular area of granulation tissue which had replaced the normal tissue of the sub- 
mucosa, muscularis and serous coats. This tissue was very similar to that described 
above, being rich in small round, plasma and endothelial cells. Giant cells of foreign 
body type were occasionally encountered. The cause of perforation could not be deter- 
mined from the sections examined. 

Twenty-three years after resection, April, 1936, the patient was readmitted to Lenox 
Hill Hospital for a small papilloma of the abdominal wall. She was otherwise entirely 
well. 


In our series, we had one case of perforation of the cecum, with the fol- 
lowing history: 


Case Report.—W. K., age 27, had had an appendicostomy for a severe ulcerative 
colitis, four months before readmission. Two and one-half hours after replacing a rubber 
catheter through the appendicostomy wound, he was seized with a severe abdominal pain 
on the right side. There was marked tenderness over this area and slight rigidity. An 
operation was advised on the chance that a perforation of the cecum might have occurred. 
The appendix was removed and a small perforation was discovered, two and one-half 
inches above the base of the appendix on the right side of the cecum, where one of the 
ulcers of the colitis had perforated. This perforation was sutured. It is now seven 
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months since this was done. The patient has gained 50 pounds in weight, and is markedly 
improved. 

There were 12 cases of perforation of sigmoid diverticula, with eight 
deaths (66.6 per cent). All eight cases that died were autopsied. 

Perforation of a diverticulum may be considered an emergency. We know 
of one case in which perforation occurred immediately upon the giving of a 
colonic irrigation to a patient with diverticulitis. A fecal concretion in a thin- 
walled diverticulum may perforate easily. The symptoms following perfora- 
tion are very severe, but the preceding symptoms may have been vague and 
diagnosis missed. 

The patients usually complain of malaise, constipation lasting weeks or 
even years. Then there is sudden pain in the lower abdomen which may 
be of 24 hours’ to two weeks’ duration, as in our series. Vomiting may be 
present. Abdominal distention, pain and tenderness are the outstanding 
physical signs. The blood counts in our series averaged: W.B.C., 18,000, 
with 77 per cent polymorphonuclear leukocytes. The temperature and pulse 
averaged 102° F. and 110, respectively. 

Eggers*® reported on a series of 24 cases of diverticulitis and sigmoiditis, 
which he had personally observed. Perforation took place in seven cases. In 
three, there was local abscess formation. In four, acute perforation took 
place into the free peritoneal cavity. One was drained early and recovered, 
another was treated expectantly for peritonitis, without knowledge at the 
time of the underlying cause, and finally recovered, while the other two died. 

In five of our cases, roentgenograms were taken before operation. In one, 
the diagnosis of diverticulitis was made. In three, the condition was diagnosed 
as intestinal obstruction and in the fifth, as paralytic ileus. A preoperative 
diagnosis of probable diverticulitis or sigmoiditis was made seven times; 
intestinal obstruction once ; acute appendicitis once; segmental enteritis once ; 
and peritonitis of unknown origin once. 

Operation was performed in nine of the 12 cases. Four were drained, of 
whom three died. The involved colon was exteriorized in three instances, with 
two deaths. Both cases in whom the appendix was removed and the perito- 
neal cavity drained recovered. In three cases, no operation was performed and 
the diagnosis was made at autopsy. The eight cases that died were all au- 
topsied. Three showed evidences of sepsis and suppurative peritonitis ; one, 
acute dilatation of the stomach (death on the fourth postoperative day), and in 
another, there were, in addition to perforation of the diverticulum with sup- 
purative peritonitis, an hypernephroma, subphrenic abscess on the left with 
perforation of the diaphragm, suppurative pleurisy and a carcinoma of the 
right breast. 

In three cases that were not operated upon, autopsy showed ruptured di- 
verticula, mesenteric abscess, septic phlebitis and multiple liver abscess. In 
another case, generalized peritonitis with many diverticula filled with fecal 
material, and in a third, a ruptured diverticulum which had perforated into 
the mesentery and formed a retroperitoneal abscess. 
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The four cases which survived the perforation are herewith summarized : 


Case 1.—A male, age 28, made a smooth recovery after removal of the appendix 
and simple drainage of the area where perforation had occurred in the sigmoid. There 
was a mass the size of a hen’s egg. Perforation had occurred 24 hours previously. 

Case 2.—A female, age 50, had a history of 18 hours’ perforation. The sigmoid was 
exteriorized and secondarily removed; the resulting colostomy was closed nine months 
later, with smooth recovery. 

Case 3.—A female, age 47. Roentgenologic examination, three years previously, 
showed a diverticulitis. A perforation occurred, with the slow development of an abscess 
between the bladder, uterus, and sigmoid. This was drained in 1937. To date, in spite 
of three attempts at excision of the fecal fistulous tract, we have not succeeded in closing it. 





Fic. 6.—Case 4:-Roentgenogram,; posteperative, of perforation of sigmoid 
diverticulitis, showing presenee-of diverticula. 


Case 4.—A male, age 34, was operated upon in December, 1938. He had been ill 
for five days, with perforation occurring the day before admission. He was admitted 
with a temperature of 100.6°F. Shortly afterward, this rose to 103.8°F., W. B. C. 
17,800, with 80 per cent polymorphonuclear leukocytes. The patient was operated upon 
with a preoperative diagnosis of segmental enteritis, pelvic peritonitis due to diverticulitis, 
or appendicitis. 

An acute diverticulitis and pus in the pelvis were found. The appendix was removed 
and the pelvis drained. The patient made an uneventful convalescence, but still has a 
fecal fistula. Roentgenograms, taken after the operation, showed small diverticula, with 
an irregularly filled sigmoid (Fig. 6). 

Perforations of the colon are always extremely serious surgical problems. 
The high degree of infectiousness of the colonic contents naturally creates a 
severe degree of peritonitis, unless nature has been kind enough to wall-off the 
diseased area sufficiently to prevent general peritonitis. Mortality is high. 
The more favorable results have been obtained in the younger patient, who 
is operated upon early and has better resistance. 


SUMMARY AND CONCLUSIONS 
(1) Perforations of the gastro-intestinal tract are classed as surgical emer- 
gencies or urgencies. 
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(2) Certain unusual cases of perforations of the gastro-intestinal tract, 
and important statistics, have been reported from the literature. These seem 
to be of special interest and value. 

(3) The paper is based on a series of 151 cases of perforations of the 
gastro-intestinal tract, exclusive of perforations of the gallbladder and ap- 
pendix, that were seen by the Surgical Services of the Lenox Hill Hospital, 
from 1923 to 1938. 

(4) The total mortality of all cases, operated or not operated upon, was 
42.3 per cent, indicating the seriousness of the condition. 

(5) The majority of the cases were perforations of gastric and duodenal 
ulcers. Operative mortality ranged about 25 per cent. This is approximately 
the same mortality rate as that reported in other large series of cases. 

(6) Perforations of gastric and duodenal ulcers can occur without any 
previous ulcer symptoms. This happens more frequently in gastric than in 
duodenal ulcers. 

(7) The time element, between perforation of the ulcer and operation, is 
very important as to mortality. Apparently, perforations of duodenal are 
not as serious as those of gastric ulcers. In the cases that recovered the time 
element was approximately three times longer in the duodenal than in the 
gastric series. P 

(8) Primary, simple closure seems to give the best results, with lowest 
mortality. 

(9) Secondary gastro-enterostomy after simple closure is rarely neces- 
sary. If pyloric stenosis develops, it usually occurs within one year of the 
primary closure, rarely later. 

(10) Recurrent ulcer symptoms may be accompanied by hemorrhage. 
These recurrent ulcers are either gastric, duodenal or may be marginal if 
gastro-enterostomy has been performed. Gastric resection is occasionally 
required. 

(11) Peritonitis with secondary pneumonia is the most frequent cause of 
operative mortality. 

(12) Esophageal perforations are not frequent. They are attended with 
a high mortality. Early recognition in traumatic cases and early operation 
with extensive drainage are required to save the patient’s life. 

(13) Small intestine perforations are the result of a variety of etiologic 
factors, which are discussed and case reports given. Trauma is one of the 
most important causes. Shock may be immediate or delayed. If immediate, 
it should be treated first, followed by early operation. The surgical procedure 
should be as simple as possible. 

(14) Perforations of the colon, sigmoid and rectum are accompanied by 
a very high mortality, due to the high degree of infectiousness of the colonic 
contents and resulting peritonitis. Perforation of sigmoid diverticula is the 
most common cause and mortality is high. Other causes of colon perforations 


are discussed and case reports given. 
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SURGICAL ANASTOMOSES BETWEEN THE BILIARY AND 
INTESTINAL TRACTS OF CHILDREN* 


FOLLOW-UP STUDIES 


WituiaM E. Lapp, M.D. 
AND 
Rosert E. Gross, M.D. 
Boston, Mass. 
FROM THE SURGICAL CLINIC OF THE CHILDREN’S HOSPITAL AND THE DEPARTMENT OF SURGERY, 
*“ HARVARD MEDICAL SCHOOL, BOSTON, MASS. 

ON THREE previous occasions” * ° we have published reports on the sur- 
gical treatment of congenital atresia of the bile ducts and of congenital dilata- 
tion of the common duct. The obstruction in some of these patients can be 
relieved by joining various parts of the biliary tract with the stomach or duo- 
denum. The early results in such cases have been very satisfying, but no 
significant observations on the end-results have ever been recorded. It is 
the purpose of this communication to summarize the late findings in all pa- 
tients with a congenital abnormality of the bile passages which we have treated 
by surgically joining biliary and intestinal systems. 

The Material Available for Study.—In 1916, Holmes? called attention 
to the possibility that many infants with congenital atresia of the hepatic 
or common duct might be cured if surgical measures were instituted for 
uniting these small obstructed ducts with the alimentary tract. Since that 
time we have explored almost all infants who have entered the Children’s 
Hospital with such malformations. One of us (W. E. L.), in 1927, per- 
formed the first successful operation for relief of congenital atresia of the bile 
ducts. To date, 45 babies with biliary atresia have been operated upon in this 
hospital (Fig. 1). Nine of these were found to be operable, and in eight 
patients a blind hepatic duct, a blind common duct, or the gallbladder was 
anastomosed with the stomach or duodenum. Three of these babies died 
shortly after operation, one expiring on the second day of hemorrhage, one 
on the ninth day of peritonitis, and one at the end of three months from per- 
foration of the duodenum by an inlying tube which led to a fatal peritonitis. 
Of the entire group, then, five have survived. 

Approximately 130 cases of congenital cystic dilatation of the common bile 
duct—occurring in children and adults—have been recorded in the literature. 
In 1933, Gross? reviewed 52 of these which had been observed in the child- 
hood group. To date, we have personally encountered six children with this 
condition, five of whom were treated by drainage of the biliary tract into the 
stomach or duodenum (Fig. 2). 

* This publication was aided by a grant from the Godfrey M. Hyams Trust. 

Submitted for publication February 14, 1940. 
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Combining the above two groups, there are now available for study ten 
patients in whom there has been a surgical anastomosis between the biliary 
and intestinal systems. 

Types of Operation.—Congenital obliteration of the bile ducts usually in- 
volves the entire extrahepatic system so that there is no means for escape of 
bile from the liver. In rare instances, a complete obstruction may appear at 








Fic. 1.—Types of atresia of the extrabiliary system found in 
45 cases which were surgically explored. Above: Types of cases 
which are operable by joining the blind hepatic or common duct to 
the duodenum. Below: Types of cases which are inoperable and 
no relief of jaundice can be instituted. 
the lower end of the hepatic duct, and the ductal system is normal above this. 
In a slightly higher percentage of cases, an atresia is found in the common 
duct, and the system is patent above this. The types of these anomalies, as 
observed in our 45 cases, are indicated in Figure 1. Case 2 had an atresia of 
the hepatic duct and was treated by hepaticoduodenostomy. Cases 1, 3, 4 and 
5 all had a complete obstruction of the common duct, and were treated by 
performing a choledochoduodenostomy or a cholecystoduodenostomy. 
In the above cases, when the hepatic or common duct was joined to the 
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intestine, the technic employed was as follows: The blind duct was carefully 
opened and a short piece of small (Nos. 8 or 1o F.) urethral catheter was 
pushed up into it. A small opening was then made in the duodenal wall, 
and the lower end of the catheter and the duct were threaded down into the 
duodenum. The duct was then joined to the intestinal wall with a single 
circumventing row of interrupted silk sutures which were so placed that 
the end of the hepatic (or common) duct pierced the intestinal wall. In this 
way the mucous membrane of the duct was placed in close apposition to the 
duodenal mucosa and the anastomosis had been completed over the short 
piece of rubber tubing. If the rubber tube was short (one-half to three- 
fourths or an inch), it always spontaneously passed later into the intestine 
and was discharged in the stool. With this technic, a nice approximation of 





Fic. 2.—Drawing showing congenital cystic dilatation of the 

common bile duct. The dilatation is due to either a stenosis at the 

lower end of the duct or else to an achalasia which prevents proper 

function of the sphincter of Oddi. Surgical treatment consists of 

joining the gallbladder to the intestine, or preferably, anastomos- 

ing the common duct to the duodenum. 
duct and intestine could be accomplished and there was assurance that an 
adequate lumen was established at the anastomotic site. 

Five individuals with cystic dilatation of the common duct were treated 
in three different ways. In two, a choledochoduodenostomy was established ; 
in two, the gallbladder was joined to the duodenum; while in one case, a 
cholecystogastrostomy was performed. In one of the cholecystoduodenostomies 
the anastomosis was made with the aid of a Murphy button, but all of the 
other four anastomoses were performed by a careful suture of the common 
duct (or gallbladder) to the stomach or duodenum. The suture in these 
four cases was always done with an external row of continuous silk or fine 
chromic catgut and an inner layer of fine, plain catgut to act as a hemostatic 
stitch and to approximate the mucosal edges accurately. Of the three 
forms of operation for choledochal cysts—cholecystogastrostomy, cholecysto- 
duodenostomy, and choledochoduodenostomy—we have now come to believe 
that the last procedure is the one of choice. 
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Results of Operations —As mentioned above, there were three mortalities 
occurring soon after operation. These were the first three cases which were 
found to be operable (in the atresia group) and we regard the deaths as at- 
tributable to technical errors which should not be committed to-day with our 
improved methods of operation. The ten cases which ultimately survived 
anastomosis between the biliary and alimentary systems have all been re- 
viewed with the purpose of determining what is the end-result to date con- 
cerning: (1) The function of the alimentary system. (2) The possible danger 
of ascending cholangeitis. (3) The condition of the liver which was pre- 
viously known to have an extensive obstructive cirrhosis. (4) The general 
development and health of the patient. These ten patients have all been 
interviewed in 1940 and their present condition evaluated. These ten pa- 
tients are, therefore, reviewed at 19, 16, 14, 13, 11, 8, 6, 6, 5 and 5 years after 
operation (Table 1). 

The findings in these ten patients may now be summarized under the 
following headings : 

(1) The Function of the Alimentary System.—In every case, there is 
clinical evidence that the alimentary system is functioning normally. By this 
is meant that there is no indigestion; that fatty foods are well tolerated ; that 
the stools are normally colored, and show nothing to suggest faulty absorption 
of fat. 

(2) The Possible Dangers of Ascending Cholangeitis—In Case 7, there 
is, obviously, a chronic, recurring infection of the biliary tract. This patient 
was operated upon in 1924 for a choledochal cyst, and a cholecystoduo- 
denostomy was performed with a Murphy button. We assume that the hole 
which was made at the anastomotic site by this method was too large, for 
this is the only case in the series which shows evidence of cholangeitis. 
While it must be admitted that this patient does have recurring cholangeitis, 
she has had only mild incapacitation and is at present a senior student in 
college. In the other nine patients jaundice disappeared within a few weeks 
after operation and has never recurred since then. In none of these nine 
patients has there been fever, upper abdominal pain, or chills which could 
not be readily explained on some other basis. 

(3) Condition of the Previously Cirrhotic Liver.—It has been claimed by 
some authors that there is little use in effecting a surgical repair for atresia 
of the bile ducts, because the individual will subsequently die of hepatic 
insufficiency. It was the contention of these writers that the advanced 
cirrhosis which is always found in such babies would eventually lead to liver 
atrophy and failure. We have never seen any evidence of such a series of 
events, and in no case has ascites occurred. The only evidence of possible 
portal obstruction is in Case 2, a boy, age 7, in whom the tip of the spleen is 
just palpable; in all other cases, the spleen cannot be felt. In Case 7, the 
liver is slightly enlarged, but in all the other patients the liver edge can just 
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be felt at the costal margin and appears neither enlarged nor atrophied. 
It is, therefore, evident that these children possess extraordinary powers of 
regenerating liver substance and that the presence of cirrhosis is not a con- 
traindication to surgical procedures if an operable condition is found in the 
biliary ductal system. 

TABLE | 


SUMMARY OF TEN PATIENTS WITH SURGICAL ANASTOMOSES BETWEEN THE BILIARY SYSTEM 
AND INTESTINAL TRACT 


CASES WITH ATRESIA OF THE EXTRABILIARY SYSTEM 


Age at Year 
Case Hosp. Sex Opera- Pathologic of Type of Results in 1940 
No. No. tion Condition Oper. Operation 


I 103,192 F. 4mos. Atresia of com- 1927 Choledochodu- Excellent. No 


mon duct odenostomy biliary symp- 

toms 
2 160,956 M. 2mos. Atresia of he- 1932 MHepaticoduo- Excellent. No 
patic and com- denostomy biliary symp- 

mon ducts toms 
* 181,052 M. Imo. Atresia of com- 1934 Choldeochodu- Excellent. No 
mon duct odenostomy biliary symp- 

toms 
4 187,764 M. 2mos. Atresia of com- 1934 Choledochodu- Excellent. No 
mon duct odenostomy biliary symp- 

toms 
5 193,956 F. I mo. Atresia of com- 1935 Cholecystodu- Excellent. No 
mon duct odenostomy biliary symp- 

toms 


CASES WITH CONGENITAL DILATATION OF THE COMMON BILE DUCT 


6 44,292 F. 3mos. Idiopathic dila- 1921 Cholecystogas- Excellent. No 


tation of com- trostomy biliary symp- 
mon duct toms 

7 77,249 F. 5yrs. Idiopathic dila- 31924 Cholecystodu- Alive and ac- 
tation of com- odenostomy tive; but has re- 
mon duct (with Murphy curring jaundice 

button) 

8 g1,602 F. s5yrs. Idiopathic dila- 1926 Cholecystodu- Excellent. Occa- 
tation of com- odenostomy sional abdomi- 
mon duct nal pain but no 

biliary symp- 
toms 

9 119,770 F. 5yrs. Idiopathic dila- 1929 Choledochodu- Excellent. No 
tation of com- odenostomy biliary symp- 
mon duct toms 

10 179,425 F. 2yrs. Idiopathic dila- 1934 Choledochodu- Excellent. No 
tation of com- odenostomy biliary symp- 
mon duct toms 


(4) The General Development of the Individuals—In every case of 
this series the individual has had a normal physical development, has been 
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attending school, and has been engaged in extracurricular activities. Case 2 
is a little underweight for his age, but his mother states that all of her 
children have been small. It was surprising, and satisfying, to see again 
the older members of the series, for they are all robust, ruddy in appearance, 
well-developed, and well-nourished. Some impression of the general condi- 
tion of these patients can be gained from the photographs accompanying the 
case reports, all of which were taken in 1940. 

(5) The Appearance of a “Hepatorenal” Syndrome.—In passing, it is 
of some interest to note that no case in this series showed the slightest clinical 
evidence of uremia, oliguria, circulatory collapse, or death after the sudden 
release of dammed-up bile from the biliary passages. If the proponents of 
the theories regarding “liver deaths’’ are correct, the cases in this series 
should provide excellent material for the development of this syndrome. 
The infants with ductal atresia have had complete obstruction of the biliary 
passages for several months, and have had icteric indices as high as 200, and 
yet none of them has developed a “hepatorenal” syndrome after operation. 

(6) Abnormalities in Function of the Gastro-Intestinal Tract.—The 
union of bile ducts or gallbladder with the stomach or duodenum naturally 
causes some distortion of the gastric antrum, the pylorus or duodenum. 
This, however, has not given rise to any symptoms of anorexia, postprandial 
distress, nausea or vomiting. Roentgenologic examination of several of 
these patients, with the aid of a barium meal, has shown dislocation or angula- 
tion of the alimentary tract in the region of the anastomosis, but there has 
been no impediment to the passage of barium beyond this point. In none of 
these cases which were thus studied could we find regurgitation of barium 


into the biliary passages. 


CASE SUMMARIES 


Case 1.—R. L. was a four-month-old female infant who entered the hospital, March 
22, 1927. There had been onset of jaundice at two weeks of age. This had been per- 
sistent and had gradually increased in intensity. The stools had been white since birth. 
There had been occasional vomiting. There was failure to gain weight normally. 

Physical Examination showed a well-developed, poorly nourished infant with deep 
jaundice. The spleen was palpable and the liver was obviously greatly enlarged. The 
stools were white, and the urine showed a strongly positive test for bile pigments. 

Operation—Drop ether anesthesia. The liver was greatly enlarged and was deep 
green in color. The gallbladder was greatly distended and on opening it there was a gush 
of bile. The common duct was found to end blindly a few millimeters.below the point 
where the hepatic and cystic ducts joined. Choledochoduodenostomy was performed. 
The blind common duct was opened and a small rubber catheter was threaded down 
through the gallbladder, cystic duct, and the patent portion of the common duct. Clamps 
were now placed across the duodenum, in order to prevent subsequent soiling of the field. 
A small opening was made in the duodenum, the catheter was threaded down into the 
duodenum, and the common duct was joined to this part of the intestine with interrupted 
silk mattress sutures. This was done in such a way that the common duct extended 
through the wall of the duodenum. 

Postoperative Course —The rubber tube was left in place for several days; the, jaun- 
dice rapidly cleared, and the stools became brown colored. The baby was discharged 
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home in satisfactory condition on the twenty-third postoperative day. She has been 
followed intermittently since that time. The general health has been excellent. She has 
developed normally and has been active in school athletics. At no time since operation 
has she had symptoms referable to the biliary system. There has been no jaundice, un- 
explained fever, or abdominal swelling (ascites). When last seen in January, 1940, at 
the age of 13, she was well-developed and well-nourished; there was no jaundice, and 
the liver edge could be just felt at the costal margin. The spleen was not palpable 
(Fig. 3). 

Case 2.—J. M. was a two-month-old male child who entered the hospital, June 14, 
1932. At birth the baby was definitely jaundiced. This condition persisted and in- 
creased in intensity. Since birth the stools had always been white in color, and the urine 
had always stained the diaper a deep yellow. On several occasions there had been mild 
episodes of vomiting. At no time did the vomitus contain bile. 

Physical Examination.—Externally, the baby appeared to be well-developed and rather 
poorly nourished. The skin and mucous membranes were deeply icteric. The abdomen 
was distended; the increased size was mostly due to a greatly enlarged liver which ex- 
tended well down below the umbilicus. The spleen was not palpable. The stools were 
white and the urine showed a strongly positive test for bile pigments. Icteric index 
was 150. 

Operation.—Drop ether anesthesia. The liver was found to be markedly cirrhotic 
and a deep green color. The gallbladder was extremely small and buried very deep in 
the sulcus of the liver. When opened, this contained only a few drops of clear, colorless 
mucoid material. An extensive search in the gastrohepatic ligament showed the common 
and cystic ducts to be represented by only a small cord of fibrous tissue. Just at the 
border of the liver was a small nubbin, 5 or 6 Mm. in diameter, which was the blind end 
of the hepatic duct. This was anastomosed to the duodenum over a small piece of No. 8 F. 
soft rubber urethral catheter. This was effected by inserting two mattress sutures of 
arterial silk to join the blind duct and the duodenum, then opening the duct and the 
duodenum, inserting one end of the catheter into the hepatic duct and the other into the 
duodenum, and then anteriorly inserting several mattress sutures, leaving the catheter 
in place. 

Postoperative Course-—The baby ran a stormy course for several days. There were 
repeated hemorrhages in several parts of the body, which were brought under control 
with transfusions. The piece of rubber tubing was spontaneously passed in the stool. 
By the end of three weeks the jaundice had disappeared. The child was discharged six 
weeks after operation. The boy has been seen from time to time since operation, and his 
general condition has been quite satisfactory. He has always been slightly underweight, 
but his mother states that all of her children have been small. He has been active and 
attends school. Since operation there has never been jaundice, unexplained fever, ab- 
dominal pain, or intolerance to fatty foods. Examination, in January, 1940, showed him 
to be slightly underweight but otherwise in good health. The child was jovial. The 
liver edge could be felt about 1 cm. below the right costal margin from the xiphoid 
process to the midnipple line, but the liver could not be felt below the costal border 
laterally. The tip of the spleen was just palpable. There was no jaundice (Fig. 4). 

Case 3.—G. K. was a 17-day-old male infant who entered the hospital, April 28, 1934, 
because of jaundice since birth. The stools had always been soft and grayish-white in 
color. He had never vomited. 

Physical Examination showed a small baby (five pounds, 12 ounces) who was deeply 
jaundiced. The liver was greatly enlarged to palpation and there was some shifting fluid 
within the abdominal cavity. The stool was white, and the urine was deeply bile stained. 
The icteric index was 200. 

Operation.—At seven weeks of age an exploratory celiotomy was performed. The 
liver was greatly enlarged, deep green in color, and markedly cirrhotic. The gallbladder 
was tensely filled with green bile. The common duct ended blindly 5 or 6 Mm. below 
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the junction of the hepatic and cystic ducts. Below this there was only a thread of 
fibrous tissue running downward toward the duodenum. A choledochoduodenostomy was 
established; the anastomosis was effected over a short piece of rubber catheter, which 
was left in place. The common duct was sutured to the duodenal wall with interrupted 
mattress stitches of silk. 

Postoperative Course—The patient had a very satisfactory postoperative course. 
Jaundice gradually cleared and completely disappeared in about one month’s time. After 
three weeks, the weight began to increase. Six days after operation bile first appeared 
in the stools, and after this the stools were normally colored. The small piece of rubber 
tubing was passed per rectum on the ninth postoperative day. The infant was discharged 
home in good general physical condition on the forty-second postoperative day. The 
patient has subsequently moved to a distant part of the country but a letter from the 
mother, in January, 1940, states that he is “a lovely healthy boy full of vigor and fun, 
and so far as I know perfectly healthy. He has rosy cheeks, is good and strong, and is 
a muscular child.” 

Case 4.—B. H. was a nine-week-old male infant who entered the hospital, December 
2, 1934. He had been jaundiced for three weeks. The stools had always been clay- 
colored and the urine gradually developed an amber color. 

Physical Examination showed the baby to weigh seven pounds, I1 ounces, and to be 
somewhat undernourished. There was only a small amount of subcutaneous fat. There 
was a deep jaundice. The abdomen was protuberant and there was some dilatation of 
veins over the abdominal wall and lower chest. The edge of the liver protruded down- 
ward almost to the umbilicus. The tip of the spleen could be easily felt. The stool was 
white, and the urine had a strongly positive test for bile. The icteric index was 100. 

Operation.—The liver was deep green, was markedly cirrhotic, and had an increased 
firmness. The gallbladder was not enlarged, but did contain green bile. The common 
duct ended blindly just above its junction with the duodenal wall. The common duct 
above this was only 4 or 5 Mm. in diameter. A hole was made in the duodenum, and a 
small piece of catheter was passed upward into the opening common duct and also down- 
ward into the duodenum. An anastomosis was made over this piece of catheter. Sutures 
of arterial silk were employed for the anastomosis. 

Postoperative Course-—The patient ran a low febrile course for some days. On the 
sixth postoperative day the piece of rubber catheter was passed per rectum. Thereafter, 
the stools became at first green and then brown in color. The jaundice cleared rapidly, 
and the icteric index had dropped to 10 by the end of the first month. It was almost one 
month before the clinical evidence of jaundice had disappeared. The baby was dis- 
charged on the thirty-ninth postoperative day. The child was last examined in January, 
1940. At that time there was no jaundice or other abnormality. The weight gain had 
been good and the child was in excellent general health. 

Case 5.—B. A. J. was a six-week-old infant who entered the hospital, July 18, 1935. 
Jaundice was first noted on the fourth day of life. This had gradually increased in severity. 
No note was made concerning the character of the stools. The baby was primarily 
brought to the hospital because of hemorrhage from the umbilicus. 

Physical Examination.—The patient was intensely jaundiced, and was in a critical 
condition because of hemorrhage from the navel. Temperature 95° F., pulse 200, and 
respirations very irregular. Immediate transfusion improved the patient’s condition, and 
the hemorrhage promptly ceased. The tip of the spleen could be felt and the liver was 
noticeably enlarged. The stool was white, the urine was deeply pigmented, and the icteric 
index was 75. 

Operation.—The liver was moderately enlarged, definitely cirrhotic, and had a deep 
green color. The hepatic and cystic ducts appeared to be normal and the gallbladder was 
greatly distended with green bile. No common duct could be found. A cholecystoduo- 
denostomy was performed. This was effected with two layers of fine plain catgut, rein- 
forced with a few interrupted sutures. 
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Postoperative Course.—In a few days the stools became green and subsequently had 
a brownish color. There was considerable diarrhea for two weeks, which subsequently 
disappeared. After a long, stormy course the infant finally began to take her formula 
fairly well and to gain a little weight. Jaundice cleared slowly. Because of protracted 
diarrhea and difficulties of feeding, hospitalization was continued for three months. Since 
that time the general condition has been excellent. The patient has been entirely 
asymptomatic. She has had no jaundice, unexplained fever, abdominal pain, abdominal 
swelling, or other symptoms suggesting biliary insufficiency or disease. When last ex- 
amined, in January, 1940, she was active and somewhat slender. Weight 37 pounds. 
There was no jaundice. The liver edge could be barely felt just below the xiphoid, but 





Fic. 3 


Fic. 3.—Case 1: Photograph of 13-year-old girl, 13 years after choledochoduodenos- 
tomy for atresia of the common duct. General health is excellent. There have been no 
symptoms of cholangeitis or hepatic insufficiency. 

Fic. 4.—Case 2: Photograph of eight-year-old boy, eight years after hepatico- 
duodenostomy for atresia in the lower end of the hepatic duct. The child is slightly 
underweight but is otherwise in good health. 

Fic. 5.—Case 5: Photograph of five-year-old girl, five years after establishment of a 
cholecystoduodenostomy for atresia of the common duct. There has been no evidence of 
biliary infection at any time. 

the spleen was not palpable (Fig. 5). Roentgenologic examination, with the aid of a 
barium meal, showed the pyloric end of the stomach and the duodenum to be further 
toward the right than usual. There was no obstruction to the passage of barium. No 
barium could be seen regurgitating into the gallbladder. 

Case 6.—M. E. was a three-month-old female infant who entered the hospital, 
November 29, 1921. During the first week of life, she occasionally vomited. At two 
weeks of age jaundice was first noted. The stools were normally colored for the first 
four or five days, but after that they became acholic. 

Physical Examination showed the child to be poorly nourished and rather thin. There 
was a deep yellowish-green discoloration of the skin, sclerae and mucous membranes. 
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The liver edge was palpable about 1 cm. below the costal margin. The tip of the spleen 
was barely felt. 

Operation.—The liver showed definite but slight cirrhosis, the gallbladder was dis- 
tended, and the common duct was greatly dilated. The common duct was not opened for 
examination of the passageway through the ampulla of Vater. However, it was assumed 
that a small opening into the duodenum must have existed because of the definite presence 
of bile in the stools during the first four or five days of life. A cholecystogastrostomy 
was established, with the gallbladder turned over onto the anterior surface of the stomach. 
An outer row of fine silk, continuous sutures was reinforced internally with a row of 


plain continuous catgut. 





Fic. 6 Fic. 7 Fic. 8 


Fic. 6.—Case 6: Photograph of 19-year-old girl, 19 years after establishment of a 
cholecystogastrostomy for idiopathic dilatation of the common bile duct. Patient’s weight 
is 128 pounds and health is excellent. No cholangeitis has ever appeared. 

Fic. 7.—Case 8: Photograph of 19-year-old girl, 14 years after cholecystoduodenos- 
tomy for cystic dilatation of the common duct. Health excellent. Weight 130 pounds. 


No jaundice. _ 
Fic. 8.—Case 10: Photograph of eight-year-old girl, six years after choledocho- 
duodenostomy for congenital cystic dilatation of the common duct. General health is 


excellent. There is no evidence of hepatitis, jaundice, or other abnormality. 

Postoperative Course.—Following operation, the child’s condition was very precarious. 
Stimulants and parenteral fluids were necessary to improve her circulation. After the first 
week her general condition gradually improved and jaundice was beginning to disappear. 
Bile pigtaents appeared in the stools. At the time of discharge, on the fifty-sixth post- 
operative day, the urine and stools were normal and the jaundice had completely 
disappeared. 

Roentgenologic examination of the gastro-intestinal tract, ten years after operation, 
showed the duodenum to be displaced upward and more to the right than normal. How- 
ever, there was no obstruction at the outlet of the stomach. There was no reflux of 
barium into the gallbladder. This patient has been perfectly well throughout her entire 
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life since hospital discharge. At no time have there been gastro-intestinal symptoms, 
vomiting, jaundice, indigestion, unexplained fever, or clay-colored stools. Apparently, 
the release of bile into the stomach has not produced any disturbance of digestion at any 
time. When last examined, in January, 1940, she was in excellent physical condition, was 
very stocky, well-nourished, and possessed a good sense of humor. There was no 
jaundice. Interestingly enough, the scar of the abdominal incision, which was two inches 
long at the time of operation, had grown with the individual and was now five inches 
in length. The liver edge could not be felt below the costal margin. The spleen was 
not palpable. There was no evidence of intraperitoneal fluid. Weight 128 pounds (Fig. 6). 

Case 7.—E. S. was a five-year-old girl who entered the hospital, December 8, 1924. 
At recurring intervals since birth the child had been jaundiced. Between these periods 
the skin color was almost normal but jaundice had never fully disappeared. During the 
past four months there had been intermittent upper abdominal pain and vomiting. 

Physical Examination.—The girl was well-developed and well-nourished, but there 
was a marked jaundice. Liver edge could be felt 3 cm. below the costal margin. An 
icteric index was not recorded, but there were frequent subsequent notes stating that the 
child was deeply jaundiced. 

Operation—The liver was somewhat enlarged, was slightly cirrhotic, and was bile 
stained. The gallbladder was greatly distended. The common duct was greatly en- 
larged, but bile could be expressed into the duodenum. This cystic dilatation of the 
common duct was treated by establishing a cholecystoduodenostomy with the aid of a 
Murphy button. 

Postoperative Course-—Within one week it was noted that the jaundice was disap- 
pearing. The stools were consistently normal in color after the first week. The Murphy 
button was never identified in a stool, but roentgenologic examination on the fifteenth 
postoperative day showed it to have disappeared from the abdomen. At the time of 
hospital discharge, on the twenty-third postoperative day, jaundice had entirely vanished. 

Subsequent Course—This patient has had recurring troubles. She was free of 
jaundice for some months after discharge from the hospital, but then began to have 
recurring attacks of what is apparently an ascending cholangeitis. Jaundice is present 
most of the time. At some periods it is hardly noticeable while at other times it is quite 
marked. There are episodes of moderate upper abdominal pain associated with some 
fever, which incapacitate the individual for several days during the height of an attack. 
Her general development, however, has been good. When last heard of, in January, 10940, 
she was able to carry on activities as a senior student in college. Inasmuch as this is 
the only unsatisfactory result in the entire series herewith presented, we are led to believe 
that the establishment of a cholecystoduodenostomy with the aid of a Murphy button was 
a poor technical procedure. Apparently the communication which was thus established 
made too large an opening, so that the doudenal contents readily regurgitated into the 
gallbladder and biliary passages. We are, therefore, led to believe that anastomoses be- 
tween the biliary and intestinal tracts should be performed by a careful suture of the 
apposed hollow visci, care being taken that the opening is not too small and yet is not so 
large that gastro-intestinal contents can escape into the biliary tract. 

Case 8.—E. H. was a five-year-old girl who entered the hospital, March 11, 1926, 
complaining of intermittent attacks of abdominal pain and vomiting since infancy. With 
each attack there had been a definite yellowish discoloration of the skin. 

Physical Examination showed a well-developed, very well-nourished child who was 
having no discomfort at the time. The skin was markedly icteric. In the right upper 
quadrant of the abdomen there was a rather firm, smoothly rounded, nontender mass 
which did not appreciably move during inspiration. Above this the edge of the liver 
could be just felt below the costal margin. The stool at this time was clay-colored. 

O peration.—When the abdomen was opened, the mass was found to be an enormously 
dilated common duct, which was about the size of an orange. On draining the gall- 
bladder with a trochar and cannula, the distended common duct collapsed. It was decided 
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to perform a cholecystoduodenostomy. The anastomosis was made with the use of an 
outer layer of fine plain catgut and an inner continuous layer of plain catgut, which 
approximated the mucosal edges. 

Postoperative Course——Following operation the child did extremely well. Jaundice 
completely disappeared; there was no recurrence of abdominal pain or vomiting. She 
was discharged on the fourteenth day. A gastro-intestinal barium series, in April, 1928, 
showed no apparent duodenal stasis or deformity. No barium could be seen regurgitating 
into the gallbladder. This girl has been seen on many occasions for follow-up studies. 
Her general health has been excellent. She has graduated from high school. At no time 
since hospital discharge has there been jaundice, clay-colored stool, or unexplained fever. 
On a few occasions she has had mild attacks of abdominal pain, the localization of which 
is not certain. These are usually related to constipation, and with proper evacuation the 
pain completely disappears. Examination, in January, 1940, shows this patient to be very 





sturdy, well-developed, quite muscular and in excellent general health. There is no 
jaundice. The liver edge cannot be felt below the costal margin. Weight 130 pounds 
(Fig. 7). 

Case 9.—M. H. was a five-year-old girl who entered the hospital April 6, 1929. At 
four years of age there had been an episode which had been diagnosed as catarrhal jaun- 
dice. Since then there had been recurring attacks during which the child was jaundiced, 
the stools were light in color, and the upper abdomen was distended. During the last 
few attacks there had been abdominal pain. 

Physical Examination.—The girl was poorly nourished and moderately jaundiced. 
The upper abdomen was enlarged and a bulging nontender mass could be felt below the 
costal margin. The stool was light in color but contained traces of bile. Icteric index 40. 

Operation.—The gallbladder was distended and was pushed forward, but a mass, the 
size of a grapefruit, lay behind it and toward the midline. This large mass was obviously 
an enormously distended common duct. A choledochoduodenostomy was established, with 
the use of a double row of sutures. The first, of silk, included only serosal layers, but 
the second, of catgut, joined the mucosal surfaces. 

Postoperative Course.—The jaundice cleared very rapidly, and the stools returned to 
normal color. Subsequent examinations showed no palpable mass in the right upper 
quadrant. She was discharged on the thirteenth postoperative day. A gastro-intestinal 
series, on the twelfth postoperative day, showed some distortion of the duodenum, but no 
evidence of the anastomosis between the biliary tract and duodenum. This child has sub- 
sequently moved to another community, but a follow-up letter shows that she has had a 
satisfactory postoperative course. At no time has there been jaundice or evidence of 
cholangeitis. 

Case 10.—B. N. was a two-year-old girl who entered the hospital, March 9, 1934. 
She had been jaundiced for five weeks and the stools had become gray. 

Physical Examination.—The child was deeply jaundiced. The liver was considerably 
enlarged, and there was a tense mass in the right upper quadrant of the abdomen which 
was palpable below the liver. Temperature 101° F. The stools were clay-colored, the 
urine contained bile, and the icteric index was 35. 

Operation.—The liver had an increased consistency but did not appear to be cirrhotic. 
The gallbladder and cystic duct were not enlarged. The common duct was dilated to a 
lemon-sized cystic structure. Anastomosis was made between this dilated common duct 
and the second portion of the duodenum, using a double layer of catgut. The stoma was 
7 or 8 Mm. in diameter. 

Postoperative Course.—The child’s condition gradually improved, jaundice completely 
disappeared, and no mass could be felt in the right upper quadrant postoperatively. She 
was discharged home on the twentieth postoperative day. This patient has done extremely 
well. At no time has she had abdominal complaints since hospital discharge. There has 
been no jaundice, unexplained fever, abdominal pain, or indigestion. Fatty foods are well 
tolerated. Examination, in January, 1940, shows her to be extremely well-nourished and 
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slightly obese. She is very jovial. The liver edge cannot be felt below the costal margin. 
No mass or thickening can be made out in the right upper quadrant (Fig. 8). 

SuUMMARY.—Follow-up notes are presented on ten patients who had 
anastomoses between the biliary and alimentary systems for treatment of 
either atresia of the bile ducts or idiopathic dilatation of the common bile 
duct. The condition of these patients has been reevaluated five to 19 years 
after the operative procedures. One individual has had recurring cholan- 
geitis, but the cholecystoduodenostomy in this case was performed with a 
Murphy button. In the other nine patients, the hepatic duct, common duct, 
or gallbladder was carefully anastomosed to the stomach and duodenum, 
and none of these nine has had cholangeitis at any time. The livers in 
these individuals all showed marked obstructive cirrhosis at the time of 
operation, but none has shown any hepatic insufficiency since operation. It, 
therefore, appears that the liver has remarkable powers of regeneration under 
these circumstances, and that this repair can take place without subsequent 
portal obstruction. 

CONCLUSIONS 

A study of this material leads us to believe that it is not necessary to at- 
tempt prevention of ascending biliary infection by inserting biliary ducts into 
the intestine in an oblique or valve-like fashion. Nor is it essential to insert 
a bile duct into a clean side-arm of intestine to prevent soiling of the biliary 
passages. At least these statements hold true for patients in the childhood 
group. We are convinced that successful issue in these cases depends upon 
the care with which the anastomosis is performed. The operative procedure 
must be performed so that mucous membrane of the bile duct or gallbladder is 
accurately apposed to the mucosa of the stomach or duodenum, and no stenosis 
must exist at the anastomotic site. Under these conditions the long-time 
follow-up results of anastomoses between biliary and alimentary tract have 
shown very satisfactory results in our hands. 
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EXPLORATION OF THE COMMON BILE DUCT* 


Frank GuLenn, M.D. 
New York, N. Y. 


FROM THE DEPARTMENT OF SURGERY OF THE NEW YORK HOSPITAL AND CORNELL UNIVERSITY MEDICAL COLLEGE, 
NEW YORK, N. Y. 


SOME MONTHS AGO, the writer reviewed the Proceedings of the New York 
Surgical Society since its organization, in search of the first comment on ex- 
ploration of the common duct to be presented before it. It was found that, 
on March 11, 1891, Dr. Charles McBurney! had read a short paper about a 
patient operated upon by him for stone in the common bile duct. The patient 
had been ill with jaundice for a long time and had lost 63 pounds in weight. 
The common duct was approached through an incision in the duodenum, the 
ampulla of Vater divided and the common duct split to remove the stone. The 
patient recovered and regained her health. 

In October of the following year, Dr. Robert Abbe? read a paper before 
Cases of Gallbladder Surgery.” In it he 


ss 


this Surgical Society entitled 
advocated the removal of the gallbladder for cholelithiasis, incision of the 
common duct and removal of stones in choledocholithiasis, followed by repair 
of the defect in the duct with fine silk sutures and drainage of the common 
duct by means of a rubber tube. He also drained the operative field. The 
four cases he presented were considered to be progressing toward a fatal 
outcome because of the complete obstruction of the common duct. In review- 
ing the literature, he credited Crédé, Lawson-Tait, Kummell, Senger and 
Gregg Smith with voluminous articles on this subject. 

Since his time, articles on the surgery of the biliary tract have increased 
year by year until now it is almost beyond the capacity of any one man to read 
them carefully, as they appear. It is not my purpose to review this extensive 
literature. I wish, rather, to report briefly our experience with exploration 
of the common duct over a period of six years at the New York Hospital. 
Some of our patients exhibited the common problems encountered in surgery 
of the biliary tract, such as the elusive stone, stenosis of the common duct and 
excessive bleeding due to jaundice. Every surgeon and clinic interested in 
this field of surgery deals with these problems in their own way. I shall review 
our cases and describe some simple methods which we have adopted in 
handling them. 

From September 1, 1932, to September 1, 1938, 907 patients were sub- 
jected to operation for nonmalignant disease of the gallbladder and biliary tract. 
One hundred twelve of these (12.1 per cent) were explored for obstruction 
of the common duct (Table 1). The common duct was routinely opened and 
searched for obstruction in all cases (a) in which there were stones palpable 





* Read before the New York Surgical Society, May 10, 1939. Submitted for publica- 
tion April 7, 1939. 
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in the duct; (b) in which there was a history of progressive jaundice or 
repeated attacks of jaundice; and (c) in which the common duct was dilated. 
It has been noted that induration of the head of the pancreas may be caused 
by stones in the ampulla of Vater and, therefore, this sign is considered in 
certain cases an indication for exploration. The indurated common duct found 
in acute and subacute inflammation of the gallbladder and associated with 
only a mild degree of jaundice (icteric index of 30 or less), generally, was not 
opened, for it seldom contains stones. However, if the duct was distended as 
well as indurated, it was explored. Patients with cholecystitis and cholelithi- 
asis, giving a history of repeated attacks of jaundice, were explored with 
particular care not to overlook stones, for in these cases they were frequently 
found in the hepatic ducts. 

Stones were located and removed in 60 cases. In seven other cases, 
there was a stenosis or complete obliteration of the common duct. Therefore, 
in 67 of the 112 patients, the cause of the obstruction of the common duct was 
found and corrected. In the remaining 40.2 per cent of the cases, the explora- 
tion was of questionable therapeutic value (Table I). 


TABLE [| 


SYNOPSIS OF II2 COMMON DUCT EXPLORATIONS IN 907 PATIENTS WITH NONMALIGNANT DISEASE 
OF THE GALLBLADDER AND BILIARY TRACT 


New York Hospital, September 1, 1932, to September 1, 1938 


Stones in No Stones 


Common in Com- Mortality 
Duct mon Duct Deaths Rate 
fe ee .« 5%a 60 52 14 12.5% 
Operations for stone............ 100 55 45 10 10.0% 
Operations for benign stricture..... 12 5 4 4 33.3% 


Analysis of Cases.—In the series of 112 cases with obstruction of the 
common duct, there were 79 women and 33 men. Fourteen patients died 
after operation, six of whom were women and eight men. The mortality for 
women was 7.5 per cent and for men, 24.2 per cent. This is in keeping, in 
a measure, with our experience in surgery of the biliary tract in general, for 
the incidence of the disease is much higher in women but they, seemingly, 
withstand the operative procedures better than men. The mortality rate for 
the entire series was 12.5 per cent. An analysis of the deaths shows that the 
average age of the 14 patients who died was 55.7 years; the oldest was 76 and 
the youngest 33 years of age. Six deaths followed secondary operations. 
Four of these operations were for stenosis rather than stone and were, there- 
fore, attempts to relieve an almost complete obstruction present for varying 
periods of time. The remaining eight deaths followed primary operations ; 
stones were found and removed in six. One patient had an inflammatory 
stricture of unknown origin, while no cause for the obstruction was found in 
another. 

Common to all patients who died was marked jaundice, and at postmortem 
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ten of the 14 showed evidence of marked to severe hepatic damage. The 
primary cause of death in six patients was hemorrhage. There was one 
patient, a man, age 62, in whom the failure to remove a stone at operation may 
be said to have contributed to death. At autopsy, 52 days after operation, 
a stone was found impacted in the ampulla of Vater (Table IT). 

Exploration of the common duct was carried out in acute as well as 
chronic cholecystitis. Twenty-one of the 112 patients subjected to this pro- 
cedure had acute cholecystitis, and in nine, stones were removed ; in the other 
13, no stones were found. The opening of the common duct, when stones 
were not present, in no case resulted in a fatality, but it cannot be said that 
it did not contribute to prolonged hospitalization. There was only one death 
in this group of cases; the mortality rate was, therefore, 4.5 per cent, much 
lower than that for the entire series. This may be accounted for by the fact 
that the average age ir these patients was relatively low, lower than the 
average for the entire series, and the disease, therefore, may have been of 
shorter duration. 

The common duct was explored in 78 patients with chronic cholecystitis, 
and stones were found and removed in 46, not found in 32 cases. There were 
nine deaths in this group. Almost without exception the diseases of the 
gallbladder had existed for a long time. Many of the patients gave histories 
of symptoms for 30 years with repeated attacks of jaundice. Several patients 
had had previous cholecystostomies or partial cholecystectomies, and in some 
a stone has been overlooked at a former operation. This latter situation arose 
four times in our experience, but for the most part the patients had been 
operated upon elsewhere, primarily. No doubt other hospitals see patients in 
whom we have overlooked stones. 

In the remaining 12 cases of the series, secondary operations were per- 
formed for stenosis of the common duct. These patients previously had had 
a cholecystectomy or an exploration of the common duct and at operation 
were found to have a partial stricture or complete stenosis of the duct. In one 
instance, an exhaustive search revealed only a bulb-like sacculation at the 
junction of the hepatic ducts, in the place of the common duct. A definite 
history of injury to the duct at a previous operation was obtained in five cases. 
In three other patients, a technical error, apparently, had been overlooked by 
the operator and, in the remaining four, the history was inadequate or un- 
satisfactory. 

Although the marked stenosis appeared to be the principal cause of 
obstruction of the duct in this group of cases, there were five in which stones 
were found and removed. In one patient the stenosis of the common duct 
appeared to be caused by distortion, the result of contracture of the scar of an 
old sinus tract. The mortality rate for these cases was 33.3 per cent 
(Table III). 

One method we employ in the treatment of stenosis of the common duct 
may briefly be described. It consists in excision of the constricted portion of 
the duct and reestablishment of its continuity by an end-to-end anastomosis. 
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a EXPLORATION OF COMMON BILE DUCT 
TABLE I] 
ANALYSIS OF DEATHS 
Case Jaun- Findings in 
Number Sex Age dice Operation Common Duct Cause of Death 
r. 33617 M. 62 { Cholecystectomy 2 stones in com- Subphrenic ab- 4 
Choledochotomy mon duct; I scess; biliary 
found at au- cirrhosis 
topsy 
2. 159038 M. 57 : Cholecystectomy 2 stones Hemorrhage; 
Choledochotomy erosion of por- 
tal vein 
3. 144652 M. 53 : Cholecystectomy Cast of stones Bronchopneu- 
Choledochotomy monia; pul- 
monary em- 
bolism * 
4. 7460 M. 44 | Cholecystectomy 16 impacted Biliary cirrhosis; 
Choledochotomy stones hemorrhage 
5. 46479 F. 33 - Cholecystectomy Stones impacted Hemorrhage; 
Choledochotomy in ampulla pulmonary 
edema 
6. 66841 F. 67 + Cholecystectomy No stones; in- Cholangitis; ab- 
Choledochotomy flammatory scesses; com- 
stricture mon duct ob- 
struction 
7- 164530 M. 50 Cholecystectomy No stones Bronchopneu- 
Choledochotomy monia; shock* 
8. 60269 M. 52 - Cholecystectomy Stones in duct Biliary stenosis; 
Choledochotomy shock; cirrho- 
sis* 
g. 80467 M. 54 - (1) Cholecystostomy 9 stones Hemorrhage; 
(2) Choledochotomy; choleduodeno- 
cholecystectomy colic fistula; 
abscess 
10. 92066 M. 54 { Cholecystectomy Nostoneincom- Necrosis of uri- 
Choledochotomy mon duct, nary bladder 
stone in liver wall; multiple 
bed hepatic ab- 
scesses 
ct. Gegee F.: : (1) Cholecystectomy Stenosis Hemorrhage; 
and choledochot- biliary cirrho- 
omy 4 mos. previ- sis 
ously 
(2) Choledochotomy 
for stenosis 
12. 93439 F. 53 : (1) Cholecystectomy Complete steno- Hemorrhage; 
1 yr. before sis biliary cirrho- 
(2) Choledochotomy sis with cen- 
tral necrosis 
13. 107763 F. 65 } (1) Cholecystectomy Complete steno- Hemorrhage; 
1 yr. before sis biliary cirrho- 
(2) Attempted cho- sis 
ledochotomy 
14. 202305 F. 76 - (1) Perforation— Stone in duct Cholangitis; 
fistula 6 yrs. be- central necro- 
fore sis of liver 
(2) Excision fistula; 
choledochotomy 
* No autopsy. 
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TABLE III 
SYNOPSIS OF II2 CASES OF EXPLORATION OF THE COMMON DUCT FOR OBSTRUCTION 
Mortality 
Total Stones No Stones Deaths Rate 
Pe | ae 22 9 13 I 4.5% 
Chronic cholecystitis and primary opera- 
Sees Pele ho ta a.cuk snes wile w'e 78 46 32 9 11.5% 
Stenosis of the common duct........... 12 5 7 4 33-3% 





Fic, 1.—End-to-End Anastomosis of Common Duct: A. Schematic drawing of 
stenosed common duct. B. Stenosed area has been resected; ends mobilized; T-tube 
inserted in distal portion, and three stay sutures of arterial silk placed. C. The placing 
of interrupted sutures in anastomosis. D. Anastomosis complete. 


Figure 1, A, B, C and D, shows the following stages of the procedure: 

Figure 1A shows a schematic drawing of the common duct constricted 
in the region of the cystic duct, the most common site for strictures. 

Figure 1B shows the duct after the cicatrix has been excised. The prox- 
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imal and distal ends of the duct have been mobilized by dissection for a dis- 
tance of 4 cm. Three arterial sutures have been placed in the wall of each 
stump; by tension on these, the resected ends of the duct are approximated. 
An incision is made in the distal portion of the duct to introduce a T-tube; 
the proximal end of this tube will extend across the suture line. 

Figure 1C: Interrupted arterial silk sutures are used to make the anasto- 
mosis between the two ends of the duct. Placing these sutures is facilitated 
by the stay sutures which were introduced earlier. 

igure 1D shows the anastomosis with the T-tube in place. 

A second method which we have used in treating stenosis of the common 
duct may be presented by citing a case in which a lateral-transverse anasto- 
mosis between the biliary tract and the duodenum was made to reestablish a 
passage for the bile. 


Case Report.—Hosp. No. 212,197: H. S., white, female, age 61, married was ad- 
mitted to the New York Hospital, September 7, 1938, complaining of jaundice. Her 
previous history was not significant except for jaundice. Her present illness dated back 
five years, at which time she suffered indigestion with gaseous eructations after meals and 
a sensation of fulness in the epigastrium. Two years before we saw her, she noticed for 
the first time a generalized pruritus followed by a progressively deepening jaundice. She 
also noted anorexia, clay-colored stools and dark urine, but she had no pain. An explora- 
tion of the common duct was made at this time, and the operating surgeon reported that 
the gallbladder appeared normal but that it was distended. He found a lesion in the 
common duct, midway between the cystic duct and duodenum, which he believed to be 
malignant; this, however, was not proven by biopsy. He opened the duct and drained it, 
leaving the gallbladder in place. The patient’s postoperative course was uneventful. She 
drained bile for several weeks, after which the tube came out and the sinus tract closed. 
The jaundice did not immediately reappear, but over a period of 18 months postoperatively, 
she had occasional transient attacks of painless jaundice. Six months prior to admission 
to the New York Hospital, the patient again noticed signs of biliary obstruction. She 
became jaundiced, lost 34 pounds in weight and had anorexia. On admission to the 
hospital she was markedly jaundiced; there was no bile in her stools but bile was present 
in her urine. It was our impression, before operation upon this patient, that she had a 
benign stricture of the common duct. 

Operation.—September 9, 1938: A distended gallbladder was found which contained 
grayish fluid. On palpation, the common duct was extremely hard and slightly irregular 
in outline from where it entered the duodenum to a point just above its junction with the 
cystic duct. Above this point the biliary tract was distended. An incision was made into 
the common duct and yellow bile obtained. A section of the indurated portion of the duct 
was removed for microscopic examination, which failed to show malignancy but was 
thought to consist of fibrogranulomatous tissue. A rubber tube was inserted into the 
patent portion of the common duct and through this the entire output of bile drained for 
87 days. All the bile was collected and ingested by the patient. 

Second Operation—December 5, 1938: A lateral-transverse choledoduodenostomy 
was performed as follows: The common duct was freed from adjacent structures from 
the junction of the hepatic ducts to the cystic duct. The duodenum was mobilized and 
displaced upward by incising the peritoneum posteriorly along its second portion near the 
common duct. The site in the common duct selected for the anastomosis was about 2 cm. 
from the bifurcation and the site in the duodenum, 10 cm. from the beginning of its second 
portion; these areas of the two structures were held in approximation by stay sutures. 
An anastomosis was then made between the duct and duodenum by the technic described 
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by Halsted for gastro-enterostomy. The opening into the common bile duct was longi- 
tudinal and that in the duodenum transverse. A fine silk, continuous suture brought 
the serosal surfaces together, while a continuous lock suture of No. 00 catgut included all 
layers of duodenum and common duct. Fine silk was used for mattress sutures. Upon 
completion of the anastomosis, a stoma, about I cm. in diameter, could be demonstrated 
between the two structures (Fig. 2). The wound was closed without drainage. The 
postoperative course was satisfactory and, during the four months since operation, the 
patient has been free of symptoms and has regained her original weight. Her icteric index 


is normal. 





é 

Fic. 2.—Lateral-Transverse Choledoduodenostomy: A. Duodenum approximated to 
common duct by continuous suture of arterial silk. Mattress sutures have been placed. 
Lines indicate incision. B. Anastomosis with incisions and posterior wall completed. 


In justification of the procedure described, and in answer to the criticism 
that infection might travel up through the stoma from the duodenum, it may 
be said that the contents of the duodenum tend to flow through the mesenteric 
portion of the lumen and, therefore, there is little danger, of reflux of par- 
tially digested food into the common duct. 

It may be of interest to describe some simple aids which we have employed 
with some success in surgery of the common duct. Since it has become 
known that bile taken by mouth replaces to some degree the bile lost from the 
intestine by obstruction of the conimon duct, it seemed important to devise 
a simple method for the collection and preservation of bile from a biliary 
fistula. The draining sinus, usually located in the upper part of the right 
upper quadrant, is covered by a rubber cup such as is used by urologists to 
collect urine from a ureteral fistula. To make them adhere closely, the skin 
and rubber surfaces are cleansed thoroughly and coated with tincture of 
benzoin. The cup is kept immobile by an elastic belt. If the belt or the cup is 
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placed too high so that the patient is made uncomfortable by pressure over 
the costal margin, he will be tempted to slip them down. Once the cup is 
dislodged from its original position, a water-tight junction is jeopardized. 
The rubber outlet tube leads from the dependent portion of the cup to a 
urinal bag which the patient wears on his right thigh. This bag, enveloped 
in a cloth sack, is kept in place by a strap worn over the shoulder. It has a 














Fic. 3.—Collection of Bile from a Bili- Fic. 4.—A 50 cc. burette on an adjust- 
ary Fistula: The rubber cup, held in place able support serves as a reservoir to vary 
by an elastic belt, receives the bile from the pressure within the common duct. 
the fistula, which is then delivered into a 
rubber bag. 


capacity of 250 cc., which necessitates emptying it four times during 24 hours 
(Fig. 3). At night, the drainage of bile has been found to be considerably 
less in amount but more concentrated than by day; therefore, the patients 
must be instructed to collect the night as well as the day drainage. At night, 
the rubber tube leading from the cup is connected to a bottle suspended at the 
side of the bed. Since, in the recumbent position, the cup is likely to overflow 
and the bile leak out between it and the skin, the bottle is supplied with low 
grade suction by an attachment to a water faucet. 

The bile is stored in glass receptacles and placed on ice. It should be 
filtered to remove débris and pus, but need not be treated with preservatives. 
The patient ingests the bile between meals in five or six equal parts during the 
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24 hours. The average output of bile in a normal subject, weighing 150 pounds, 
is between 800 and 1,400 cc. during 24 hours (Chart 1). 

An obstruction in the distal portion of the common duct which persists 
after exploration and removal of stones is not an infrequent occurrence. It is 
believed to be caused either by edema or spasm in the lower portion of the 
duct or at the ampulla. The edema probably is due to infection ; physiologists 
have not as yet explained spasm in the region of the ampulla of Vater. Certain 
clinicians* have recommended instrumental dilatation of the ampulla at the 
time of exploration in order to prevent later spasm. This procedure is con- 
sidered too dangerous because of the possible injury to the duodenum. Our 
experience indicates that the introduction of sufficient pressure into the 


Bile output — 86 days 
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Cuart 1.—Hosp. No. 43,525: Bile output, from a male, age 67, as collected, by the 
method described, over a period of 86 days. 


drainage tube to forcefully dilate the lower segment of the duct is also contra- 
indicated. It tends to increase the intraductal pressure in the fine biliary 
tributaries in the liver and, thereby, to suppress the secretion of bile. A much 
less hazardous method has been employed by us in handling this situation. It 
requires a graduated burette, 50 cm. in length, connected to the rubber drain- 
age tube in the common duct (Fig. 4). The burette is filled with saline solu- 
tion and, by raising or lowering it on an adjustable support, the pressure can 
be reduced or increased at will. Ten to 15 cc. of pressure usually suffices to 
overcome the obstruction at the lower end of the duct. 

A very promising contribution to surgery of the biliary tract, and of the 
common duct in particular, has been the introduction of vitamin K and bile 
salts for the prevention and control of hemorrhage in jaundice. In jaundiced 
patients, the clotting and bleeding times are usually normal, but the clot re- 
tracts poorly and is fragile; thus, it does not seal the open end of the vessel 
well and bleeding follows straining or coughing. The fundamental defect 
which causes this condition was found to be a deficiency in prothrombin in 
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the blood, and a test has been devised to determine the amount of this substance 
present. It was demonstrated that if prothrombin is reduced to 30 per cent, 
or less, of the normal quantity, there was a marked tendency to bleed.‘ 
Further, it was found that chicks on a deficient diet developed a hemorrhagic 
tendency, which could be overcome by a substance contained in alfalfa, which 
was determined to be vitamin K. Dogs with a biliary fistula showed a similar 
tendency to bleed. In both experimental animals, the administration of 
vitamin K and bile salts by mouth led, almost invariably, to an elevation of 
the prothrombin level and a correction of the bleeding tendency. 

Absence of bile from the intestinal tract interferes with the digestion and 
absorption of fats. Vitamin K, which probably is a sterol and soluble in 
lipoids, therefore, requires the presence of bile salts to make it effective; for 
without them it will not be absorbed from the intestinal tract into the blood 
stream, and will not, therefore, reach the liver, where, it is believed, it is con- 
verted into prothrombin. 

In view of these findings by different investigators throughout the country, 
we have felt that any patient with jaundice who requires operation should have 
a prothrombin determination. If the prothrombin level is below 60 per cent 
of normal, vitamin K and bile salts should be administered. Depending on 
whether the liver has been damaged or not, there will be a rise in the pro- 
thrombin level to normal and a reduction in the tendency to bleed. When 
there is marked damage to the liver, this return to normal will proceed more 
slowly, if at all. 

An interesting report of clinical experiences with the administration of 
vitamin K and bile salts from the Mayo Clinic shows that of 28 patients with 
jaundice, to whom this therapy was administered before and after operation, 
only three bled at all, and those not severely. Of 14 cases to whom bile salts 
and vitamin K were not given, 64 per cent bled after operation. 

During the past few years, clinical and laboratory investigations on jaun- 
dice have been carried on in our departments of Surgery and Pathology, which 
confirm the findings of other investigators. Two patients have been selected 
from 17 jaundiced cases, as examples of the clinical value of bile salts and 
vitamin K. The course of their disease is shown in Charts 2 and 3. The 
first case is typical of untreated jaundice—lowered prothrombin level—bleed- 
ing tendency—hemorrhage and death (Chart 2). The second case had 
deficient prothrombin, but by the administration of bile salts and vitamin K 
it was elevated before operation ; however, it fell after the operative procedure. 
Toward the end of her long stay in the hospital, the course of the prothrombin 
content of the blood was upward without therapy (Chart 3). The third 
chart is that of a patient with biliary obstruction who responded well to 
therapy (Chart 4). 

The credit for this interesting and valuable contribution to surgery of the 
common duct belongs to Dam,!® Greaves and Schmidt,?° Quick, Stanley- 
Brown and Bancroft,> Kugelmass,?7 Almquist and Stockstad,® Brinkhaus,® 
Smith and Warner,® the Mayo Clinic!® and Andrus, Moore and Lord.” 
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CASES ILLUSTRATING THE USE OF VITAMIN K AND BILE SALTS 
IN COMBATING THE HEMORRHAGIC TENDENCY IN JAUNDICE 
During the past few years, clinical and laboratory investigations dealing 
with jaundiced patients have been carried on, in the departments of Surgery 
and Pathology of the Cornell Medical College and the New York Hospital, 
by Doctors Andrus, Moore, and Lord, and the following data have been 
obtained from them: Charts of three patients are presented. One of the 
patients selected was studied before vitamin K was available (Chart 2) and is 
offered for comparison with two jaundiced patients who received vitamin K 
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CuHart 2.—Hosp. No. 192,262: A jaundiced patient studied before vitamin 
K was available. Transfusions and bile salts completely failed to control the 
increasing hemorrhage. 


and bile salts (Charts 3 and 4). These two patients were selected from a 
group of 17 who were jaundiced; had a lowered prothrombin; and were con- 
sidered, therefore, as having a tendency to bleed. These were treated with 
vitamin K and bile salts ; none bled seriously after operation. (The complete 
study will be published later.) 

In reviewing what has taken place since the introduction of choledochotomy, 
less than 50 years ago, we may find some encouragement in the realization 
that important lessons have been learned. We know the value of a thorough 
exploration of the extrahepatic biliary tract in primary operations for disease 
of the gallbladder; we have, in the majority of cases, abandoned cholecys- 


tostomy in favor of cholecystectomy. When the common duct is opened and 
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explored for stones, we know that the patient’s best interests are served if the 
duct is drained. We have learned that a tendency to bleed in jaundice may 
be lessened by correcting the low prothrombin content of the blood and that 
this may be accomplished by administering vitamin K and bilt salts. 

These many contributions to successful surgery of the biliary tract do not 
answer two fundamental questions—as to how to diminish the incidence of 
obstruction of the common duct and how to avoid overlooking stones. In 
regard to the first question, some data which we have assembled may be 
significant. The average age of the patients with stones in the common duct 
was over 50 years; the average age of those who died was 55.7 years; a long 
history of symptoms referable to the biliary tract was obtained in 60 per cent 
of the cases; recurrent attacks of jaundice followed by persistent jaundice in 
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Cuart 3.—Hosp. No. 121.732: A jaundiced patient with a lower prothrombin, illus 
trating an excellent response to vitamin K and bile salts. A fall in prothrombin occurs 
after operation followed by spontaneous reelevation of the prothrombin level to normal. 


these patients suggested the presence of stones in the duct for long periods of 
time. It is generally agreed that stones almost never occur in the common 
duct unless they are also present in the gallbladder. In our experience, there 
was not one instance of stones in the common duct associated with a normal 
or stoneless gallbladder. 

These facts would seem to indicate that common duct stones are more often 
associated with the late, rather than with the early, stages of disease of the 
gallbladder. Interruption of the progress of such disease, by early cholecystec- 
tomy, might be expected to prevent the formation of stones in the com- 
mon duct. 

The obstruction of the common duct which is associated with stenosis 
carries with it a very high mortality (33 per cent in our series). It is hardly 
necessary to emphasize the need of careful surgical technic in cholecystectomy, 
though the reduction in the incidence of injury to the common duct rests, 
almost wholly, upon this admonition. Stricture and distortion of the common 
duct may result from faulty placement of drains. We have found that it is 


~~ 


fo 








FRANK GLENN Annals of Surgery 


ly, 1940 


wiser not to attach the rubber drainage tube in the common duct either to the 
skin or the dressing as is frequently done, for with changes in the intra- 
abdominal pressure, and the position of the organs which may occur, leeway 
for adjustment to new positions must be left for this tube, or the common duct 
may be hooked up and distorted when the wound heals. 

Halsted,’* Richter and Buchbinder,'* 50 years ago, advocated closing the 
duct and the wound without drainage. We feel that until our surgical technic 
and skill have reached a degree of perfection which will guarantee that the 
obstruction in the duct has been completely removed; that the anastomosis is 
faultless ; and that the wound, including the bed of the gallbladder in the liver, 
is free of traumatized tissue, we are not justified in omitting drainage after 
exploration of the duct. 
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_ Cart 4.—Hosp. No. 43,525: A jaundiced patient with a lowered prothrombin is 
given vitamin K and bile salts; followed by an elevation of prothrombin. Following 
operation, there is a fall with partial reelevation of the prothrombin, upon additional 
therapy during loss of bile through a biliary fistula. After closure of fistula the 
prothrombin rises. 

In considering the second question, it must be admitted that few surgeons, 
in exploring common ducts for stones, have escaped the embarrassment of 
finding that they have overlooked one. This accident occurs, even when all 
known devices to locate them have been employed. Some of these aids in 
exploring the duct for stones may, briefly, be enumerated: Careful palpation 
before and after opening the duct obviously is of great importance. When 
opened, the lower portion of the duct should be explored first, so as to allow 
stones in the upper portion to be carried down by the flow of bile. The intro- 
duction of small olive-tipped silk catheters, through which the duct may be 
irrigated with saline, has been advocated by Cheever.'* Free irrigation into 

“the duodenum with saline—not always easily accomplished and sometimes 





impossible—also has its place. The use of spoon-shaped scoops and forceps 
is of value in removing stones that have been found, but is of no great benefit 
in locating the elusive stone. The introduction of a small electric light’® into 
the duct has merited some credit in our hands, by identifying several stones 
which had escaped notice by other methods. 

Indirect methods of determining the presence of stones in the duct include 


roentgenologic examinations by plain films of the abdomen. Graham’s'® 


cholecystography occasionally reveals a stone in the common duct. Visuali- 
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zation of the biliary tree on the operating table with the aid of opaque injections 
has been advocated. The method was first described, in 1925, by Cotte,'7 
who used iodized oil. His work was followed by investigations by Best and 
Hicken,'* who popularized the use of lipiodol and diodrast for this purpose. 
We have employed these indirect methods as accessory procedures, when 
careful exploration by other methods failed to reveal stones in patients in 
whom we suspected them to exist. These aids, however, are not infallible. 
Unfortunately this question of overlooking stones has not been satisfactorily 
answered as yet. 

SUMMARY 


An analysis is given of 112 cases of exploration of the common duct for 
obstruction. Twenty-two of the patients had acute cholecystitis at the time of 
operation; 78 had chronic cholecystitis; and 12, stenosis or obliteration of 
the common duct. 

A description of two methods for the treatment of stenosis of the common 
duct is given. 

Some simple methods in the treatment of patients with jaundice are 
described. 

Two questions are propounded which have not as yet been satisfactorily . 
solved. 
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Discussion.—Dr. Conpicr W. Cutter, JR. (New York) said that 
Doctor Glenn’s paper was timely and presented much food for thought. First, 
with regard to the practical consideration of dealing with the common duct 
in cases of jaundice, it is undoubtedly true—and rests within the clinical ex- 
perience of all surgeons—that stones have been left in the common duct by 
reason of a failure to explore it except by palpation. Most surgeons are ex- 
ploring the duct more frequently than formerly. It is true that the common 
duct stone is often elusive to palpation, and that where its presence may be 
reasonably suspected, opening of the duct must be undertaken. Probably the 
history of recurring jaundice, where there is or has been a stone-bearing gall- 
bladder, is the most reliable criterion for the need of this maneuver. 

Stenosis or stricture of the common duct, as the result of a previous opera- 
tion, may cause jaundice without the presence of stones. As Eliot has shown, 
blocking may also occur by reason of a variety of mechanical effects (other 
than malignancy ) where stones have not been present. Where such is the case, 
correction of the pathology will suffice to cure the difficulty without need of 
opening the duct. When stones are, or have been present, in the gallbladder 
with subsequent blocking of the duct, exploration alone will give assurance of 
their absence, even though adhesions or scarring may seem to explain the 
phenomenon. Dinsmore says that 30 per cent of cases of jaundice are due to 
stones, and 30 per cent to carcinoma. 

It must be agreed that when the common duct has been opened for explora- 
tion it is safer to drain it. In Doctor Cutler’s opinion it is desirable, also, 
in these cases, to insert a rubber tube fenestrated drain in the region of Morri- 
son’s pouch, as recommended by Whipple. The T-tube in the duct is never 
water-tight and some spilling is bound to occur. This is particularly true if 
any means is adopted, as recently advocated on somewhat theoretic grounds, 
to control mechanically the rate of drainage of bile in an effort to avoid too 
rapid decompression of the biliary system. The spill must have free and ready 
access to the surface until the formation of a tract shall have protected the 
peritoneum from bile invasion. For facilitating the removal of the T-tube, 
notching it at the junction of the arms is most helpful. This avoids damage 
to the duct when the tube is pulled out. Also, the tube must not be too stiff. 
Ochsner’s flexible probe has proven the most useful instrument for exploring 
the patency of the ampulla. 

Of great importance is the matter of preparation of the jaundiced patient 
for operation. The use of bile salts preoperatively, supplemented with vita- 
min K, especially when the diet has been deficient, is fulfilling its promise as 
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a useful safeguard against bleeding through its effect on prothrombin. The 
status of calcium as a deterrent to hemorrhage is debatable. Almost certainly, 
it does no harm, and Doctor Cutler said that he continues to use it as a pos- 
sible help. In the enthusiasm for newer aids, older ones must not be lost 
sight of. The preliminary supply of adequate fluids for the patient’s tissues, 
by repeated infusions before operation, is still an essential. So also is the at- 
tempt to aid the damaged liver by providing, through the use of glucose in the 
infusions, an adequate glycogen reserve. Transfusions is of notable aid to 
the jaundiced patient. After operation, introduction of the Levine tube has 
been found helpful in controlling vomiting and relieving gastric distention. 
It is coming into frequent use as a prophylactic measure. 

These practical measures, new-and old, plus such technical care and 
genuity in the performance of the operative procedure as Doctor Glenn has 
advocated in his paper, will continue to bring about improvement as regards 
morbidity and mortality in this group of seriously ill patients. 


Dr. FRANK GLENN (closing) said that he had been influenced to explore 
the common duct on slight indication in the hope that a stone would not be 
overlooked. He felt that choledochotomy should be undertaken when there is 
a demonstrable cholelithiasis or a history of cholecystectomy with one or more 
of the following indications present: (1) When stones are palpable in the 
common duct. (2) When there is a history of progressive or of repeated 
attacks of jaundice. (3) When the common duct is dilated. (4) Sometimes 
when the head of the pancreas is indurated. 

A history of jaundice is sometimes misleading. An indurated common 
duct may appear slightly distended, as seen in acute cholecystitis. There may 
be an icterus index of 30 without common duct obstruction. An accurate 
history is of great importance in considering exploration of the common duct. 

It is encouraging to note that since the intr aueciiin of vitamin K and bile 
salts during the preoperative period, 17 patients with marked jaundice have 
heen subjected to operation without significant bieeding. 
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CYSTS OF THE MESENTERY * 
Epwarp W. Peterson, M.D. 
New York, N. Y. 


SINCE PUBLISHING an account of six cases of mesenteric cysts and one case 
of omental cyst, operated upon without mortality, it has been my privilege to 
operate upon another omental cyst, and later upon an enterogenous cyst, not, 
however, intramesenteric in position. The patient to be shown to-night was 


Case 4 1n the series already reported :° 


Case Report.—S. S., male, age 55, born in Russia, was admitted to the Post-Gradu- 
ate Hospital, October 15, 1929, complaining of gradual loss of weight (15 pdunds) and 
strength, increasing constipation, with subacute attacks of intestinal obstruction. Appetite 
poor, digestion fair, some nausea, but no actual vomiting. No blood or pus in stools. 
Symptoms began about six months ago. After roentgenologic study of the gastro-intes- 
tinal tract, in a Brooklyn hospital, a diagnosis was made of “carcinoma of the ascending 
colon.” 

Physical Examination revealed nothing of importance except upper respiratory irri- 
tation from excessive smoking of cigarettes. The abdomen showed considerable tume- 
faction on the right side about opposite the umbilicus, and the diagnosis of carcinoma of 
the colon seemed probable. 

Operation.—October 17, 1929: Under spinal anesthesia, the abdomin was opened 
through a right rectus incision. A large, hard mass was immediately encountered, but it 
was found to involve the ileum and not the large intestine. Coils of small intestine were 
adherent about the tumor, which, at the time of operation, was thought to be a new growth 
in the ileum, with extensive metastases in the mesentery. The involved bowel and mesen- 
tery were resected widely, followed by an end-to-end suture anastomosis. The patient 
stood the operation well, but convalescence was stormy. He made a good recovery finally, 
except for an incisional hernia. 

Pathologic Report (Dr. Nicholas M. Alter) : Gross.—‘‘Specimen consists of a large 
portion of the small intestine with mesentery attached. It measures 280 cm. (about nine 
and one-half feet) in length. The loops of the small intestine are moderately distended 
and are firmly adherent to a central mass which seems to come up from near the ileum 
about 15 cm. from the surgical stump of the ileum and from this extends into the mesentery 
which is adherent to the other loops of the intestine. This mass is very hard in con- 
sistency and measures about 10 cm. in diameter. On opening the bowel, no obstruction is 
encountered. The lumen of the ileum is free. From the ileum a cystic cavity is opening 
which has an orifice 6 cm. in diameter. This leads into a somewhat larger cavity which 
contains a great deal of greenish vegetable matter, a large amount of mucus and broken- 
down necrotic material and the wall is covered with a polypoid growth which is very hard 
at the base and on section shows a gray translucent appearance. The growth is very hard, 
almost cartilaginous.” 

Microscopic——Section of the growth shows neoplastic proliferation of small polygonal 
cells with large vesicular nuclei. The cells are quite anaplastic, show great variety of 
size and shape and form a rather diffuse growth. There is a suggestion only here and 
there of glandular structures and there is a vascular stroma. The growth ulcerates over 





* Read before the New York Surgical Society, March 8, 1939. Submitted for publi- 
cation April 18, 1939. 
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the mucosa and infiltrates the muscle layer, but has a rather sharp border. Pathologic 
Diagnosis: Embryonal carcinoma of mesenteric cyst. 

CoMMENT.—Doctor Alter’s microscopic report in which he says “the 
growth ulcerates over the mucosa and infiltrates the muscle layer,’ and the 
observation that there was an opening from the tleum into the cyst leads us to 
believe that we had to deal with an embryonic mesenteric cyst, of intestinal 
origin, which subsequently underwent malignant degeneration. Cystic malig- 
nant disease of the mesentery is not uncommon, but malignancy developing 
in an enterogenous mesenteric cyst is both interesting and rare. I can find no 
record of a similar case. It is gratifying to have the patient remain well (except 
for the incisional hernia), for nearly ten years after a massive intestinal resec- 
tion for the removal of an enterogenous mesenteric cyst which had become 
malignant. 
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Fic. 1.—Shows a mesenteric cyst filled with sebaceous material. 


Mesenteric cysts occur somewhat more frequently in the female than in the 
male sex. They have been found at all ages—in the fetus and in an octo- 
genarian. They may be single or multiple, unilocular or multilocular, and may 
vary in size from that of an olive to enormous growths filling the abdominal 
cavity. 

Preoperative diagnosis is seldom made, since there are no signs or symp- 
toms pathognomonic of mesenteric cysts. In my series a correct preoperative 
diagnosis was made only in my fifth and sixth cases. 

Intestinal obstruction, either acute or chronic, is the most important and 
frequent complication of mesenteric cysts. Other complications are: (1) 
Hemorrhage into the cyst; (2) torsion of the cyst; and (3) rupture of the 
cyst. The original histologic picture may be so altered from hemorrhage, 
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pressure, inflammation or malignant degeneration that it is difficult for the 
pathologist to render a satisfactory report as to the origin and structure of 
the cyst. 

True mesenteric cysts are not malignant, parasitic, or tuberculous; there- 
fore, we must separate all cysts of the mesentery into two groups: 

I. Embryonic: (a) Cysts arising from embryonic remnants and sequestrated 
tissue—(1) serous; (2) chylous; (3) sanguineous; and (4) dermoids. 

(b) Cysts of intestinal origin—(1) by sequestration from the bowel dur- 
ing development; (2) from Meckel’s diverticulum, when it arises from the 





Fic. 2.—Shows multiple cysts of the mesentery; of embryonic origin. 


concave side of the bowel or (as Miller has added) acquired an intramesenteric 
position. 

(c) Cysts arising from urogenital organs (germinal epithelium, ovary, 
wolffian body, or miillerian duct). 

II. Pseudocysts: (1) Of infective origin—hydatids, and cystic degenera- 
tion of tuberculous nodes ; (2) cystic malignant disease. 

The treatment of mesenteric cysts can be considered under the following 
headings: (1) Enucleation; (2) removal of cyst, with bowel resection; and 
(3) marsupialization-drainage. 

(1) Enucleation: This is the ideal operation and should be the method of 
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Fic. 3.—-Shows the incision into the mesenteric peritoneum over the cyst. 





Fic. 4.—Shows the cyst protruding through the incision in the mesentery. 
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Fic. 5.—Shows a small segment of the cyst wall, with vessels undisturbed. The 
major part of the cyst wall is shown being removed. 











Fic. 6.—Shows the suture of the mesenteric incision for bringing raw mesenteric 
surface into contact with the remains of the cyst wall. 
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choice when and where it can be accomplished without damage to the bowel 
or to the vascular supply thereof. Enucleation could be performed in but one 
of my cases. 

(2) Removal of Cyst with Bowel Resection: By resection is meant the 
extirpation of the cyst or cysts and the resection of the involved bowel, with 
the establishment of some type of intestinal anastomosis. This operation is 
often called for—probably in one-fourth to one-third of the cases encountered. 
Unfortunately, the mortality following resection is high—about 60 per cent. 
This can be explained by the fact that many of the emergency operations in 
which it is done are performed-for the relief of acute intestinal obstruction, or 
in the presence of acute peritonitis. It is indicated when a successful enuclea- 
tion cannot be completed and when marsupialization-drainage does not relieve 
or is apt to be followed by intestinal obstruction. Resection was performed in 
two of my six cases. 

(3) Marsupialization-Drainage: When the size of the cyst, dense intes- 
tinal adhesions, or other complications make the removal of the tumor a 
dangerous procedure, then some form of drainage of the cyst is called for. 
Simple wick or tube drainage is, in my opinion, inferior to gauze packing of 
the cyst cavity. Carter,’ Swartley” and others consider marsupialization obso- 
lete, save in very exceptional instances. Flynn? thinks it applicable only in 
parasitic cysts or in large unilocular cysts where the removal of the tumor is 
extremely hazardous. Despite the immediate theoretic dangers (of infection, 
peritonitis, intestinal obstruction) and the possible remote complications (re- 
currence of the cyst, persistent sinus, hernia, late intestinal obstruction, efc.), 
a study of the many isolated case reports in which this method was employed, 
with both early and late good results, is convincing proof that the objections 
to it are more fanciful than real. It should never be employed in dermoid 
cysts or as a makeshift or “way out’’ when enucleation can be accomplished or 
when bowel resection is indicated. It is relatively safe and simple, with a 
mortality and a morbidity that is surprisingly slight. Marsupialization-drain- 
age was employed in two of my cases. 

Is there no other plan of surgical treatment to be employed, when enuclea- 
tion cannot be accomplished ; when bowel resection, with its high mortality, 
should be avoided; and when drainage, with its protracted convalescence, is 
deemed inadvisable? In my first case, enucleation of a mesenteric cyst could 
not be completely accomplished without sacrificing a relatively large blood 
vessel, which was feared would result in gangrene of a small area of intestine. 
Rather than perform a bowel resection, the major portion of the cyst was re- 
moved, leaving behind only a small segment containing the blood vessel. Car- 
bolic acid (followed by alcohol) was applied to the strip of cyst membrane, 
which was brought up to the abdominal incision, and the wound was closed, 
except for a small gauze drain which went down to the remains of the cyst. 
Healing was prompt, and without sinus formation or recurrence of the cyst. 
In selected cases of single, thin-walled, serous, sanguineous or chylous cysts, 
the removal of the greater part of the cyst membrane, with closure of the inci- 
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sion in the mesentery, bringing the remaining segment of cyst in contact with 
raw surface of the mesentery, will, it is believed, prove a successful procedure. 
The abdomen could then be closed, in the majority of instances, without 
drainage. 
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Discussion.—Dr. FENwicK BEEKMAN (New York) said that on the 
Children’s Surgical Service at Bellevue Hospital there had been two cases of 
mesenteric cysts. One, a case of chylous cyst, which could not be excised, was 
marsupialated and finally the wound healed. It was felt there probably would 
be a recurrence but, so far as is known at present, there has been none. The 
second case occurred in a little girl operated upon by Doctor Beekman some 
years ago, and presented before this Society, which proved to be an enterog- 
enous cyst situated at the angle of the ileum and the ascending colon. The 
child was admitted to the hospital with chronic intestinal obstruction. The 
diagnosis, at that time, was chronic intussusception. At operation this cyst 
was found, and an attempt was made to enucleate it. During the enucleation 
it was opened and found to contain a very thick mucus. Failing to enucleate 
it, Doctor Beekman marsupialized the cyst, and sutured its wall to the abdomi- 
nal wall. Two or three days later feces were discharging through the mar- 
supialized cyst. All mesenteric cysts of enterogenous nature are claimed to 
arise from a diverticulum—the mucous membrane being forced out through 
the fibers of the muscularis and carrying serosa with it, so that finally it forms 
a cavity outside the lumen of the intestine, and finally the connection with the 
lumen is obliterated entirely and the cyst becomes isolated. This cyst, which 
Doctor Beekman reported, one might say was in a stage of isolation. Doctor 
Peterson has given us a very interesting classification of these cysts. Doctor 

3eekman said he had always looked upon true mesenteric cysts as of three 
tvpes: chylous, enterogenous and dermoid. 
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LEUKOPLAKIC VULVITIS * 
Tuomas D. Sparrow, M.D. 
CHARLOTTE, N. C, 
PROBABLY the first report of a case of leukoplakia involving the vulva was 
made by Weir,®® in 1875. Ten years later, Breisky* described an atrophic 
shrinking of the skin involving the labia minora, frenulum, and clitoris to 


3° expressed the opinion that both of 


which he gave the name kraurosis. Szasz 
these conditions were manifestations of a single process. Berkley and Bon- 
ney” very emphatically disagreed with Szasz and affirmed that the two condi- 
tions were unrelated. As time passed, many authors described similar patho- 
logic processes and almost invariably gave a new name to the condition. In 
1923, Taussig®! recommended the name leukoplakic vulvitis, which he felt 
was descriptive of the more important pathologic manifestation of the disease. 
In 1929, Graves and Smith’’ thoroughly reviewed the subject and selected 
the name kraurosis. They frankly admitted the inadequacy of their choice of 
name, but justified their selection on the ground that kraurosis was a more 
familiar term to the profession. Adair and Davis! felt that leukoplakia and 
kraurosis were symptoms or stages in one process and described the disease 
as atrophic dermatitis of the vulva. In the recent literature some writers cling 
to the more familiar term kraurosis, while others prefer the title leukoplakic 
vulvitis, and still others compromise on a combination of the two terms and 
write of leukokraurosis. 

Much of the confusion surrounding this disease is due to the fact that its 
etiology is not definitely known. Adair and Davis, and Graves and Smith 
emphasize the importance of inflammation as an etiologic agent. Taussig** 
believes that in some women, in or after the menopause, a special disturbance 
of ovarian secretions causes a complete disappearance of the elastic tissue in 
the upper layers of the skin of the vulva about the introitus. This leads to 
greater friability of the skin and minute breaks in its continuity through 
which bacteria gain entrance, producing a low grade inflammation. The re- 
sulting exudate causes pruritus. The trauma of rubbing or pressing produces 
more cracks and more infection ; and the vicious circle progresses until changes 
of kraurosis have been produced. 

There is considerable evidence that an ovarian dysfunction or cessation of 
ovarian hormonal activity is an important factor in the etiology of this condi- 
tion. In the first place, it usually begins at or soon after the menopause. The 
average age of 121 reported cases was 53.4 years. In the second place, when 
it appears in younger women it is associated with evidences of ovarian dysfunc- 
tion. In Goldberger’s' series the youngest patient was 29, but she had never 
menstruated. One of Johnson’s’® patients, age 33, had always menstruated 


* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga., December 5, 6, 7, 1930. 
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very irregularly. ‘Taussig** reported the case of a young woman, age 206. 
She began to suffer with pruritus at the age of 13, but her menstrual history 
was normal. He observes that possibly the explanation lies in the develop- 
mental abnormality localized about the skin of the vulva due primarily to 
alterations of the pituitary hormone. One of my cases was 29 years of age, 
but several years previously she had been subjected to a bilateral oophorec- 
tomy. 

There are several questions that must be answered before one is justified 
in accepting the deficiency of ovarian hormone as the sole cause of the dis- 
ease. Since every woman lacks ovarian hormone after the menopause, one 
would expect the disease to be the rule, not the exception; and yet Adair and 
Davis encountered leukoplakic vulvitis in only 23 instances among 9,682 
gynecologic patients examined for the first time in the University of Chicago 
Clinic, an incidence of 0.24 per cent. 

The second question that arises is why are the manifestations of the dis- 
ease confined to the skin about the vulva and anus? Is there evidence that 
ovarian hormones have some peculiar effect on the skin of this region? 
Loeser*’ showed that during pregnancy hormones are deposited in the skin 
by means of the blood stream. He also calls attention to the fact that baboons 
have a menstrual cycle which is very similar to that of the human female. 
During the actual menstruation a slight swelling of the anal and vaginal zones 
becomes apparent. This swelling gradually increases during the following 
two weeks and culminates on the fourteenth day as a turgid edema. It is evi- 
dent that this manifestation of estrus appearing in the genital skin is the result 
of activity of follicular hormone. Peters and Macbeth** believe that although 
the human female does not possess an external “sexual skin” highly sensitive 
to estrogenic stimuli as do certain apes, it does not follow that ovarian 
hormones have no effect on the morphology and vascularity of the skin of the 
vulva and the rest of the body. Cruickshank and Sharman’ believe that the 
deposition of glycogen in the vaginal epithelium is dependent upon ovarian 
activity. Lewis and Weinstein’ produced acidity of the vaginal secretions by 
the administration of estrin. Papanicolaou and Shorr?? found that treat- 
ment with ovarian hormone showed definite changes in the vaginal epithelium, 
and Foss! contends that estrogen is necessary for the growth, development, 
and health of the genital skin, on which it has specific effect. 

The conclusion tg be drawn from the work of these and other observers is 
that normally ovarian hormone exerts some protective influence over the 
genital skin, and that in certain women the withdrawal of the hormone re- 
sults in an inflammatory process with leukoplakia and kraurosis as its prin- 
cipal gross manifestation, and pruritus its chief symptom. Such a rationaliza- 
tion of the etiologic process may be logical, but it is certainly open to criticism. 
There must be other factors, as yet unknown, that are important etiologic 
agents in the production of this disease. 

It has been the experience of most observers that the symptom that sends 
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most of these patients to a physician is a very severe and intractable pruritus. 
So intense is this pruritus that many of the patients are isolated from social 
contacts. To add to their misery, the associated excoriations and fissures be- 
come secondarily infected with burning, stinging, soreness, and dysparunia. 
Graves and Smith found that in their series of kraurosis the symptoms com- 
plained of were, in order of frequency, burning on micturition, pruritus, pain 
and irritation of the vulva, vaginal discharge, burning of the vagina, and 
burning on defecation. 

The physical findings are quite characteristic. Early in the disease the 
tissues about the clitoris, labia minora, inner margins of the labia majora, 
and at times the perianal skin, appear slightly edematous and dusky red in 
color (Jayle). As the disease progresses leukoplakic spots appear, and the 
skin becomes pale, thin and shining, and marred here and there with fissures 
and excoriations. Still later, the skin resembles parchment, thin and shrunken, 
and the labia minora are atrophic or obliterated entirely. Berkley and Bon- 
ney divided leukoplakia into four stages: First, reddening, swelling, excoria- 
tions, and dryness; second, retraction, thickening, and whitening of the tis- 
sues ; third, fissures and ulcers with discharge and at times bleeding ; fourth, 
complete involution, the skin surface is smooth, shiny, and white. 

Taussig** believes there are two basic phases of the disease, the hyper- 
trophic and the atrophic. In a progressive disease the histologic picture natu- 
rally changes as the disease advances. In the early stages there is thickening 
of the keratin layer with parakeratosis. The epithelial layer is wider than 
normal and the papillae are elongated (acanthosis). The eleidin layers ap- 
pear very distinct. There is considerable hyperemia and round cell infiltra- 
tion in the connective tissues. As the disease progresses the parakeratosis 
yields to a hyperkeratosis. The eleidin layer becomes dark, almost black 
at times, and the acanthosis disappears. The hyperkeratosis persists. The 
thickened epithelial layer gradually thins until in advanced cases the stratum 
germinativum may consist of a very narrow layer of cells. In the connec- 
tive tissue the round cells appear in fairly well circumscribed areas, and there 
are marked collagenous changes. Taussig has stated that the late atrophic 
stage is not an abrupt change. There are gradations between it and the hyper- 
plastic stage so that areas midway between the two are commonly found. 

It is often difficult to differentiate leukoplakic vulvitis from numerous 
other conditions associated with pruritus. Elizabeth Hunt" believes that 
many cases reported as leukoplakia are in reality lichen planus. Bonney* 
describes two conditions, lepidosis vulvae and leukoderma vulvae, which are 
frequently confused with leukoplakia. Adair and Davis insist that all condi- 
tions which engender itching of the vulva, such as yeast or fungus infection, 
parasites, neurodermatitis and syphilis, must be ruled out. In a most en- 
lightening article, Ketron and Ellis!’ show the gross and histologic similarity 
between kraurosis vulvae and scleroderma circumscripta. They conclude 
that leukoplakia of the vulva is frequently superimposed on various patho- 
logic processes whether primarily of a degenerative or inflammatory nature. 
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TABLE [| 


COLLECTED SERIES OF REPORTED CASES OF LEUKOPLAKIC VULVITIS SHOW- 
ING ITS RELATIONSHIP TO CARCINOMA 


Number of Cases Number of Cases 


Author Leukoplakic Showing Malig- 
Vulvitis nancy Present 
Taussig**. . .. 79 39 
Goldberger" : : 5 2 
rent? i=... A ane 5 : 
Rigby’. ... a 4 4 
eee ae 96 48 : Malig. 50% 


Leukoplakic vulvitis is a disease of major importance because it is definitely 
a precancerous condition. A glance at Table I will show that in a series of 
cases of leukoplakic vulvitis reported by several authors, 50 per cent were 
malignant. On the other hand, if a large series of cases of carcinoma of the 
vulva are examined, above 30 per cent will be associated with, or arise from, 
a leukoplakic base. Rentschler?> reviewed 71 cases of primary epithelioma 
of the vulva seen at the Mayo Clinic and found that 40 per cent gave a definite 
history of preexisting pruritus, but he was able to find leukoplakia in only 
five cases (Table I1). Counsellor,® in remarking on the extraordinarily low 
figure, observes that many of these cases had undergone previous treatment 
by procedures which unquestionably changed the histologic picture. 


TABLE II 


COLLECTED SERIES OF REPORTED CASES OF CARCINOMA OF THE VULVA 
SHOWING THE RELATIONSHIP OF CARCINOMA TO LEUKOPLAKIC VULVITIS 


Number of Cases Number of Cases 


Author Carcinoma Showing 
of Vulva Leukoplakia 
4 RE ee 76 39 
ei Ps Ls 20 8 
ge ase See 17 4 
Graves and Smith!?......... 21 16 
Goldberger". ..... Te ph ASS ee 13 7 
Rentschler?®>. ... 71 5 
SRS ere tye 218 79 : Arising in 


leuko. 36% 


Almost every conceivable form of therapy has been applied in the treat- 
ment of leukoplakic vulvitis. Local applications are totally inadequate. Roent- 
genotherapy as a method of treatment is contraindicated. Graves and Smith 
have seen evil results from roentgenotherapy and radium, and do not hesi- 
tate to condemn it. They believe that its use is illogical as radiation creates 
in the tissues a sclerotic retraction not unlike that of kraurosis. Taussig 
found that none of his cases treated by roentgenotherapy or radium showed 
more than temporary relief. Of the 23 cases reported by Adair and Davis, 
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16 were treated by roentgenotherapy by them or elsewhere ; five received tem- 
porary relief, three were made worse, and eight received no benefit. 

Swift?’ found that a patient suffering with leukoplakia vaginitis had an 
achlorhydria. Upon treating her with hydrochloric acid, the pruritus greatly 
improved and the white spots disappeared. Taking advantage of the work 
of Wolbach and Howe,*® who found that guinea-pigs which had been fed 
on a diet deficient in vitamin A had vaginae which usually contained accumula- 
tions of keratinized cells and frequently a thickened and shaggy epithelium, 
he began to treat a series of cases with hydrochloric acid and vitamin A in 
the form of cod liver oil. He was able to follow 41 of the 42 cases so treated, 
and he found that the irritation had been relieved in every instance. 

Since leukoplakic vulvitis is distinctly a disease of, or after, the menopause, 
and since the younger cases are so definitely associated with some abnormal 
ovarian function, it would seem that a logical line of treatment would be to 
provide ovarian hormone in large doses. In the United States treatment by 
this method has been almost universally unsatisfactory. 

In Goldberger’s!! 13 cases, female sex hormone or roentgenotherapy, or 
both, was administered in all but one case. In every instance, the results 
were poor. Adair and Davis treated three cases with amniotin. One showed 
improvement, one was made worse, and one was not affected. Taussig found 
that endocrine treatment, in the form of either hypodermic injections or 
ovarian, lutein or pituitary extracts, failed to produce any appreciable result. 

In the British literature a number of mildly encouraging reports are found. 
Witherton and MacGregor** treated three patients with a mild degree of 
kraurosis vulvae with 3 mg. of stilbestrol (a synthetic estrogen) daily by 
mouth, and described their local and general condition as being considerably 
improved. Peters and Macbeth** treated a case by combined intravaginal 
and intramuscular ovarian therapy with marked improvement of the leuko- 
plakia. Deanesly and Parkes* showed that longer effect of the hormone 
could be attained by the implantation subcutaneously of tablets of the hor- 
mone. Foss treated 48 cases with injection of estradiol in large doses, vaginal 
suppositories, local application of an ointment containing estradiol, tablet im- 
plantation, hydrochloric acid, and vitamin A. He concludes that very few 
patients received complete and lasting comfort. He feels that the application 
of an ointment containing follicular hormone is of benefit in the treatment and 
will often relieve the pruritus temporarily. 

Wilson** noted improvement of the leukoplakia and the pruritus in five 
cases he treated with injections of alcohol. Mueller,?! Usher and Campbell,*° 
Learmonth, Montgomery and Counsellor'’ advocate the relief of the severe 
pruritus by resection of the sensory nerves of the perineum. 

Surgery is perhaps the choice of methods of treatment. It is necessary to 
resect the entire area involved, which may require the removal of the clitoris, 
perianal skin, the labia minora, and most of the labia majora. The wisdom 
of this procedure is twofold: (1) It successfully relieves the distressing symp- 
toms; and (2) it eradicates the precancerous condition. If the disease is ex- 
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tensive, necessitating a wide resection of the perineal and particularly the 
perianal skin, there are two areas where closure may be difficult: First, the 
triangular area of skin between the lower margin of the vagina and the anus; 
and second, the approximation of the skin to the anal mucosa. The former 
difficulty has been remedied by Taussig, who forms a flap of the posterior 
vaginal wall, which, when properly mobilized, can be drawn over the perineal 
body down to the anterior margin of the anal mucosa where it is anchored 
with silk sutures (Fig. 1). Cattell® turns a pedicle-flap from the buttocks 
into the perineal space, suturing it to the vaginal mucosa and to the mucosa 
of the rectum (Fig. 2). When it is necessary to resect the perianal skin, 


+ 


¢ 
WH 





Fic. 1. Fic. 2. Fic. 3. 


Fic. 1.—Taussig’s method of closing the denuded area between the vagina and rectum. A flap of the 
posterior vaginal wall is pulled over the perineal body and sewed to the anal mucosa. 
Fic. 2.—Cattell’s method of closing the denuded area between the vagina and anus. A pedicle-flap 
from the buttock is sewed over the perineal body. 
Fic. 3.—The author’s method of lessening tension on the anal mucosa after removal of the perianal 
skin. A tube-pedicle graft from the buttock is utilized. 


the anal mucosa must be pulled out under considerable tension in order to 
suture it to the skin. This often leaves a very unsatisfactory condition about 
the rectum. Taussig obviates this difficulty by leaving intact a bridge of anal 
skin on either side of the anus. In one of my”® cases in which there was 
extensive perianal scarring, the tension was relieved by removing the scar 
and grafting the skin of the buttocks over the denuded area by using a tube- 
pedicle-graft on either side (Fig. 3). 

In the series I wish to report there are six cases, two of which have been 
previously reported.2* <A detailed analysis of these cases will be found in 
Table III. The average age for the group was 52. Pruritus, pain, and sore- 
ness from excoriations were the chief complaints in every case. The clinical 
diagnosis in each was leukoplakic vulvitis, and in every instance a vulvectomy 
was performed. The first case was operated upon seven years ago, the most 
recent, one year ago. All have remained under constant observation. In 
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ond operation. In Case No. 2 the histologic picture was confusing. The 
condition was diagnosed by one pathologist as leukoplakic vulvitis. A second 


two cases, Nos. 2 and 6, the process continued to spread, necessitating a sec- 


pathologist diagnosed the condition as scleroderma morphea. In accord with 
the reports of Ketron and Ellis, it is likely that both processes were present. 
An intra-epithelial epithelioma was found in one case, an incidence of malig- 
nancy for the series of about 17 per cent. 

It is interesting to note that there was some complication in every case 





Fic. 4.—Case 3: Leukoplakic vulvitis (hypertrophic stage). This condition 
is said to be rare in the Negro race. 
save one. This is most discouraging in the light of the almost uniformly 
excellent results quoted in the literature. 

In Case No. 1 there was complete relief for almost two years. Thereafter 
there appeared a reddish discoloration of the skin about the vagina and rectum 
and, intermittently, a return of pruritus. A culture showed an abundant 
growth of a yeast, and it has been very difficult to control the pruritus. 

In Case No. 2, after the second operation, the rectal mucosa was greatly 
stretched and ulcers appeared in the scar. A pedicle tube-graft relieved some 
of the pull on the rectal mucosa. The grafted skin has remained in excellent 
condition for four years. Ulcers have continued to form in the scar tissue 
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along the edges of the graft and between the folds of the buttocks. Numerous 
cultures have been made. On one a diphtheroid organism was found; on 
others, Staphylococcus aureus and Staphylococcus albus. No yeast or fungi 
have been found. These ulcers heal readily under treatment with silver nitrate 
but soon reappear. 

Case No. 3 is the only one in the series which occurred in the Negro 
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Fic. 5.—Case 3: Microscopic picture from case illustrated in Figure 1. There is present hyper- 
keratosis, widening of the epithelial layer, and acanthosis. 


(Fig. 4). The microscopic picture of the tissue removed in this case is il- 
lustrated in Figure 5. A successful vulvectomy was performed (Fig. 6). Two 
years after operation, there was complete loss of pigment of the skin about 
the rectum (Fig. 7). There were no subjective symptoms. The histologic 
picture of a biopsy made over this area showed hyperkeratosis and absent 
rete pegs, and in the corium there were fibrosis, collagenous changes and 
lymphocytic infiltration. The basal pigment layer stopped abruptly at the 
border of the lesion (Fig. 8). 

In Case No. 4 the pruritus returned, one year after operation. A dusky 
zone appeared on the skin about the rectum and vagina about 2 cm. in width. 
At times this skin was covered with fine scales. At other times it appeared 
glazed and parchment-like. There were no fissures or leukoplakic plaques. 
Cultures were negative for yeast or fungi. A biopsy showed, chiefly, hyaliniza- 
tion of the corium, atrophy of the rete, and some dyskeratosis. 

In Case No. 5 there were no complications. 
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In Case No. 6 there was a definite return of the epithelioma. A second op- 
eration was performed. Union was perfect, but it has been too recent to state 
whether or not a cure will result. It probably would have been wiser to have 
performed a Bassett** type of operation upon this patient. 





Fic. 6.—Case 3: Postoperative results following a vulvectomy. 


The postoperative complications in four of the cases were treated by ap- 
plications of an ointment suggested by Foss. This contained estrogenic sub- 
stance, 1,800 rat units per gram, and 15 mg. of crystals. A-estradiol (Shering 
Corporation). It was hoped that ovarian substance applied to the skin might 
have some local effect on the skin. The pruritus in Cases Nos. 1 and 4 was 
temporarily relieved. The ulcers in Case No. 2 disappeared in part; but in 
areas of tension, as posterior to the rectum, they continued to appear at in- 
tervals. The white area about the rectum in Case No. 3 showed pigmented 
spots, about the size of the end of a match, after one month’s use of the oint- 
ment. The treatment has been too recent to determine whether or not this 

was due to the treatment or purely incidental. 
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Fic. 7.—Case 3: Complete loss of pigment of the perianal skin, two years after vulvectomy. 


7: 





Fic. 8.—Case 3: Section made at the junction of the pigmented and nonpigmented areas. 
Except for loss of pigment, a slight increase in the amount of keratin, and beginning collagenous 
changes’ in the corium, there is little difference between the pigmented and nonpigmented areas. 
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CONCLUSIONS 


(1) Leukoplakic vulvitis, an inflammatory condition of the perivaginal and 
perianal skin, occurs at, or after, the menopause, or in association with evi- 
dences of ovarian hypofunction. It is a precancerous condition. 

(2) Its etiology is not known. It is probable that an ovarian hormone 
exerts some protective influence over the genital skin, and that the withdrawal 
of hormone results in inflammation, leukoplakia and kraurosis. There must 
be some other etiologic factors involved which are still unknown. 

(3) It is likely that other conditions are frequently confused with, or asso- 
ciated with, leukoplakic vulvitis. 

(4) Vulvectomy is the treatment of choice since it gives symptomatic relief 
and eradicates a precancerous condition. 

(5) Six cases of leukoplakic vulvitis are reported in detail. In all save one 
there were postoperative complications. 

(6) An ointment containing estradiol was found to be ‘of benefit in re- 
lieving pruritus which had recurred as a postoperative complication. The 
benefits obtained warrant further use of this ointment. 
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URETERAL TRANSPLANTATION * 
Wituiam E. Lower, M.D. 


CLEVELAND, OHIO 


ORDINARILY, in adults, we prefer to perform this operation under spinal 
anesthesia. The patient is put in a rather extreme Trendelenburg position 
so that the abdominal viscera are well out of the pelvis. Formerly, we trans- 
planted the right ureter first and in about ten days or two weeks, the left 
ureter was transplanted. Latterly, we have been doing more and more cases 
in a single sitting, transplanting both ureters during a single operation. The 
risk of peritonitis, which we formerly feared, we no longer consider as being 
likely to occur. Patients are prepared the same as those who have an opera- 
tion upon the rectum or colon; namely, three or four days of saline cathartics 
and daily irrigations of the bowel, opiates the day before operation, and during 
this entire time, a nonresidue diet. 

The ureter is easily exposed, particularly on the right side, just beneath 
the peritoneum, and about two and one-half inches of the lower end of the 
ureter is freed and divided and the lower end ligated with fine catgut. The 
retroperitoneal space is then closed, being especially careful that no oozing 
occurs. The point in the bowel in which transplantation is made depends 
entirely upon where the ureter seems to fit best and with least angulation ; 
sometimes, we use the white line and in all cases, cut through the bowel to 
the mucous membrane. One point, which we believe has made the opera- 
tion much easier, is to begin transplanting the ureter at its proximal end 
(Fig. 1). Included in the needle and suture, we pick up a little of the 
adventitious tissue along the ureter (Fig. 2) ; this is to prevent it from shift- 
ing its position. Asa rule, we do not fix the bowel to the parietal peritoneum, 
believing that a certain amount of flexibility is less liable to cause stricture 
than immobility. Nearly always, the danger point for stricture is where we 
first start the implantation into the intestine. At this point, by dividing the 
trough on each side down to the mucous membrane, there is less danger of this 
occurring (Fig. 3). 

With an intravenous pyelogram, it is very easy to determine the condition 
of the ureters before undertaking the operation. In very large, wide ureters, 
the problem becomes a more difficult one. 

As to the age at which these operations should be undertaken, we have 
again changed our position and now will undertake them any time after three 
months of age ; we have quite a series of children under one year of age. They 
do very well and we believe cause less disturbance and after care, and the 

*[llustrated by moving pictures of the procedures when presented before the Fifty- 
second Annual Meeting of the Southern Surgical Association, Augusta, Ga., December 
5, 6, 7, 1939. 
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child is given just one training for sphincter control. This refers largely, of 
course, to cases of exstrophy of the bladder. 

In cases of malignancy, after the ureters have been transplanted and are 
functioning, we remove the bladder extraperitoneally by dividing the urethra 
and pulling it well up into the wound and then dissecting it free from the 
peritoneum and surrounding tissue. A large rubber and gauze pack is placed 


in the cavity. 





Fic. 1.—Showing division of the tense tissue on each side of trough. 
Fic. 2.—Bringing cut e iia together to relieve tension on ureter. 
Fic. 3.—Showing position of ureter after transplant. 


We now have a total of 108 cases in which ureteral transplantation has 
been performed, and have some patients who have gone for more than 20 


years, and who are getting along comfortably. 
CONCLUSIONS 


There can be no doubt that patients with these distressing congenital 
anomalies can have their social status restored and live a comfortable existence. 

In the malignant tumors of the bladder, if they are seen early enough, we 
believe that total cystectomy and ureteral transplantation offers an opportunity 
for possible cure and certainly great relief from vesical distress. 


Discussion.—Dr. Appison G. BreNIzER, Charlotte, N. C.: I think one 
of the greatest advantages we have in surgery is that we are individuals, and | 
suppose that, from the standpoint of those who do not live with us in the 
South, they might suspect us of most any romance. 

In performing the Ferguson-Higgins-Brenizer transplantation of the 
ureters, we lay both ureters in the submucosal position and cover them with 
muscularis and serosa. Before closing over these layers, we put No. 1 nasal 
wire in a loop over the ureter on both sides and leave them for ten days. The 
wire-ends are out the rectum through catheter. The greatest advantage is that 
any bruising, any bleeding and edema subside and the ureters continue to run 
to the bladder. There are no obstructions to the ureter, as Doctor Douglass 
and his group found at Vanderbilt, because the bowel movements pulled on 
the wire and dragged it down. We pass the two ends of this wire through a 
small whistle-tip catheter and it straddles the ureter, and then we bend it 
into a slit in the catheter. The whole catheter and wire, looped over the 
ureter, may be moved up and down together or the wire alone moved up and 
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down in the catheter. We do assure the free position and movement of the 
wire and catheter and thus are acquainted with the fact that the wire-loop 
over the ureter is not obstructing it. 

The diagrammatic sketches (shown on the screen) show a stretch of 
ureter and rectum. The serosa and muscularis are incised down to the 
mucosa. This incision is ample in length and dissected to either side so as 
to amply and easily, cover the ureter when placed in it. About 18 inches 
of a No. 1 tonsil wire is cut obliquely at its ends, bent in the form of a hairpin 
and with one end on each side of the ureter as it lies on the mucosa, the ends 
are pushed down through the mucosa into the lumen and out the rectum. 
Thus the hairpin wire straddles the ureter and remains with a loop above 
around the ureter, the ends emerging below from the catheter and the catheter 
in turn from the anus. 

When both ureters are loosely healed in the bowel and all bleeding, exudate 
and edema have subsided, that is, in about ten days, first one ureter and then 
the other is cut by drawing down on the wire so as to compress the ureter with 
the loop above, and applying a very high electro-cutting current to the wire 
ends where they emerge from the catheter and anus below. It is better to 
use two small whistle-tipped catheters, one for each ureter, and cut the two 
ureters on different days, proving, by employing intravenous urography, that 
the ureters are emptying into the rectum and that the bladder or bladder field 
is dry. With no urine to the bladder, it is more easily and aseptically removed. 
One of the greatest advantages of this operation is that after severing and 
emptying the whole proximal ureter into the rectum, the distal ends, attached 
to the bladder, may be disregarded and not tucked back into the bowel, and 
the bladder so much more easily removed. Added to this, the dry bladder 
and better asepsis, bleeding may be controlled by central ligations within the 
abdomen. Then the bladder does not have to be removed in fistula, incom- 
petent sphincter, etc. In exstrophies, the removal of the mucosa and plication 
of the bladder before covering with muscle and skin is sufficient. 

Our latest improvement, in certain cases of ureteral transplantation, is to 
loop the wire over the ureter, pass an end of the hairpin wire in and out of the 
mucosa, both ends of the wire through a No. 8 ureteral catheter, which 
catheter, in turn, is made to tunnel for an inch to an inch and one-half be- 
tween the muscularis and mucosa, to emerge from the muscularis and come to 
the body surface through a stab-hole in the side. The ureter is severed in the 
same way as when the catheter emerges from the anus. This latter operation 
has the advantage of a more complete asepsis, but the disadvantage of the 
greater difficulty in tunneling between muscularis and mucosa. 


Dr. Henry L. Douctass, Nashville, Tenn.: I enjoyed Doctor Lower’s ex- 
cellent demonstration of the technic he employs in uretero-intestinal anastomo- 
sis. Except for minor differences in procedure I employ the same opera- 
tion. I wish to discuss, briefly, certain technical points which lessen the 
operative risk. 

First of all, the position of the ureter within the bowel wall must be main- 
tained by suture until union has occurred between these structures. To that 
end Doctor Lower, in closing the muscle layer of the bowel wall over the 
ureter, includes the external coat of the latter in each suture. During this 
step it is important that the suture does not penetrate the lumen of the ureter 
for, if that happens, a urinary fistula may result and especially so if the trans- 
fixing stitch is under tension. He pointed out that some of the adjacent con- 
nective tissue should be left attached to the dissected ureter. This is a very 
important point because it enables the operator to include this coat of adventi- 
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tious tissue rather than the wall of the ureter in the suture and this minimizes 
the possibility of damage to the lumen of the ureter. On the other hand, 
the proper relationship between the anastomosed structure will be maintained 
if the end of the ureter can be drawn well within the lumen of the bowel 
without tension and anchored there to the bowel wall by a chromic catgut 
suture. The muscle layer of the bowel wall can then be simply approximated 
over the ureter with a running catgut suture. This suture line should be 
protected by a second row of interrupted chromic catgut sutures. Finally, | 
think it is of value to rotate the sigmoid sufficiently to place the anastomosis 
in apposition with the incision in the posterior layer of the peritoneum where 
it is fastened by interrupted sutures. With union between the sigmoid and the 
posterior parietal peritoneum the anastomosis becomes retroperitoneal in line 
with the ureter and the bowel becomes fixed in its new relationship. This 
avoids the danger of peristalsis or distention pulling away the bowel and creat- 
ing tension on the anastomosis. 

At the completion of the anastomosis a fenestrated colon tube, which has 
already been introduced into the rectum, is adjusted so that its upper end is 
slightly above the union between the ureter and bowel. It is left in place to 
prevent a dangerous distention of the bowel in the area of the anastomosis. 

Postoperative distention of the bowel may pull apart the edges of the wound 
in the intestinal musculature. The mucous membrane of the bowel then 
herniates through the wound carrying with it the ureter. The valve effect of 
the anastomosis is lost and the ureter becomes merely adherent to the bowel 
wall for a short distance before it directly enters its lumen. The systemic 
effect of this accident may not be immediately apparent. Later, however, these 
patients suffer from an ascending pyelonephritis which eventually destroys 
the kidney. Most of the upper urinary tract complications following ureteral 
transplantation are due to a faulty anastomosis. 

We have used Brenizer’s technic in operations upon dogs. The wires, 
looped over the ureters with their free ends coiled in the rectum, obstructed 
the ureters, and within ten days or two weeks caused considerable renal 
damage. It is impossible to obviate this obstruction so long as one operates 
upon dogs. In man, however, the ureters may be catheterized prior to opera- 
tion. The catheters should remain in place to maintain free drainage of the 
upper urinary tract until the time arrives to remove the wires. Ureteral 
obstruction due to the encircling wire can thus be-avoided in man. 


Dr. W. L. PEpLeE, Richmond, Va.: I would like to report three cases of 
ureteral implantation performed in St. Lukes Hospital, two by Dr. Stuart 
McGuire, and one I reported in 1929, which I did myself. These cases il- 
lustrate how long this operation is effective. 

CASE REPORTS 

Case 1.—J. B., came with a history of exstrophy of the bladder at the age of four, 
in 1919. His ureters were implanted into the sigmoid in two stages. Since then he has 
had one or two moderately severe attacks of pyelitis, but last year made his M.A. degree, 
as a fine looking, outstanding young man, in perfect health. 

Case 2.—F. B., came with exstrophy of the bladder at the age of six, in 1917. 
The bladder was excised, and the ureters, with small buttons of bladder tissue around 
them, were transplanted into the sigmoid in one stage. He came back with pyelonephritis 
and renal calculi in 1928, and died, having lived 11 years following surgery. 

Case 3.—The case of Mrs. C. was reported before the Southern Surgical Associa- 
tion, in 1929. She presented herself, in the year 1927, with irreparable bladder injury. 
Three months prior to admission, she underwent an extremely difficult delivery. The 


103 








WILLIAM E. LOWER Annals of Surgery 


July, 


child was born dead, and she was torn well up into the rectum. She developed a severe 
infection, and there followed a sloughing of the floor of the bladder which included the 
entire urethra. Then a hemiplegia developed, paralyzing the right arm and leg. 

We first repaired the perineum and restored the sphincter muscle, then allowed her 
to go home for six months. When she returned we first transplanted the right ureter, 
and a week later the left, by the method of Doctor Coffey. When the abdomen was 
opened, we removed the appendix and tied and divided tubes so that another pregnancy 
would not occur and pelvic infection would be eliminated. She made an uninterrupted 
recovery and I have seen her from time-to-time during the past 12 years. The last visit 
I give verbatim from my notes: 

“June 19, 1939: I had a visit this morning from Mrs. C., and her husband. She 
states that she is in good health and that the leg and foot have become almost normal. 
She has a little spastic contraction in the right hand and right biceps, and the muscles 
of the arm are rather tense and spastic. This is all that remains of her hemiplegia. 

“She has had absolutely no trouble in the control of her urine and goes as long as 
most women, and never has an accident. She has had several mild attacks of pyelitis but 
by eating and drinking carefully and by prompt treatment, these have given rise to no 
trouble. 

“Mr. and Mrs. C. have adopted a little girl. She is about five years old and extremely 
attractive. This couple is deeply grateful and very happy. I do not know when I have 
had a visit that gave me more pleasure.” 


Dr. Francis R. HAGNErR, Washington, D. C.: I enjoyed Doctor Lower’s 
paper, and the simplicity of the operation appeals to me very much. We know 
how often patients who have carcinoma of the bladder have large ureters. 
We have employed the Coffey technic on these patients. I wonder if bringing 
a catheter out of the rectum may not add an element of safety to the operation 
when this condition is present. We have had one patient, with a ureter as 
large as an ordinary finger, who was operated upon by this method with an 
excellent result. He is still alive after nine years, and able to hold the urine 
in his rectum for nine hours. I have talked to my friends about one man who 
suffered terribly after operation. Every time he passed urine from the rectum 
he screamed with pain. He lived about a week and at autopsy we could find 
nothing that would account for the pain. 


Dr. WittiAm E. Lower, Cleveland, Ohio (closing): I am sorry the 
picture conveyed the idea that we, at any time, included the ureter in our 
needle. All we include is the adventitious tissue; this is done to keep the 
ureter from sliding back. We begin at the proximal end and place our sutures to 
about one inch from the end, and then the opening is made into the intestine, 
and the end of the ureter is drawn in by double-threaded catgut sutures. 

As to the question of fixing the intestine, we have tried both ways and 
think they do just as well if a certain amount of flexibility is allowed. In 
very large ureters it may be well to use a catheter. 

The only things we claim for this technic are its simplicity, and the fact 
it can be undertaken at one stage. We do put a rectal tube in for several 
days for drainage of urine and irrigate this rather regularly with saline 
solution. I believe we shall be performing more of the bilateral transplanta- 
tions at one sitting. 
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Sau S. Samuets, M.D. 
New York, N. Y. 
FROM THE FOURTH SURGICAL DIVISION, BEVELLUE HOSPITAL, NEW YORK, N. Y., DR. CARL G, BURDICK, DIRECTOR 

ALTHOUGH great strides have been made in the conservative treatment of 
diabetic gangrene,’ * particularly in those cases where infection plays a major 
role, there are still a certain number of cases which, in spite of conservative 
measures, require amputation as a life saving measure. 

There are two major indications for amputation in diabetic gangrene, the 
more common being rapid spread of the gangrenous process with no signs of 
healing or of the formation of a line of demarcation. Such cases usually have 
a zero oscillometric index at the ankle level. Another indication for amputa- 
tion is uncontrollable infection of the foot. Such cases, again, are usually 
associated with extremely inadequate arterial circulation in the extremity 
as evidenced by a zero oscillometric index. 

Previous teachings were to the effect that diabetic gangrene, particularly 
with infection of the foot, is of such a nature that infection would spread 
throughout the body or into the thigh if an amputation were performed with- 
out taking adequate precautions against such spread. These precautions con- 
sisted of either leaving the stump wide open at the time of operation or of 
inserting drains into the partially sutured stump, or of leaving untied sutures 
in place which could be removed at a moment’s notice or be tied sometime 
after the operation if no infection or gangrene of the stump were evident. 
These precautions were based upon the erroneous assumption that diabetic 
gangrene with infection of the foot presupposed the extension of the infection 
throughout the entire extremity, particularly in the lymphatics ; hence, cutting 
across infected lymphatics was sure to carry the infection into the thigh tis- 
sues and thus produce secondary infection of the-stump. 

The mortality from this type of operation was extremely high, in some 
hospitals up to 75 per cent. Those cases that survived the operation required 
prolonged stay in bed with subsequent development of bed sores, pneumonia 
and other complications of prolonged bed rest. Healing of stumps, par- 
ticularly those that were left open, was a matter of months requiring skin 
traction, secondary operations and in some cases skin grafts to cover the 
denuded area. In other words, an amputation for diabetic gangrene was a 
formidable procedure attended with great risk and with a high mortality. 

Recent experiences, pioneered by Eliason and Wright,®? and McKittrick,* 
have demonstrated the fallacy of previous conceptions of amputation in 
diabetic gangrene and have demonstrated, conclusively, that in this field a 
mountain has been made out of a molehill. Increasing experiences have 
proven that an amputation for diabetic gangrene, even in the presence of 
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severe infection, is a simple procedure attended with a low mortality if the 
operation is performed as simply as possible and the proper postoperative care 
is carried out. 

Preoperative treatment in these cases must be simplified. In other words, 
transfusions and intravenous injections of glucose and saline with insulin 
coverage are not necessary except where there is definite evidence of dehydra- 
tion. If the patient cannot be made sugar-free before the operation by large 
doses of insulin, it is an indication of the fact that undrained infection is 
present in the foot. This being the case, it is a waste of time to try to render 
the patient sugar-free or to reduce his blood sugar if such infection is present. 
Unnecessary delay in the operation because of this fact may prove disastrous. 
In such a case immediate removal of the infected area is indicated regardless 
of the diabetic status. 

The choice of an anesthetic is very important. We have found cyclopro- 
pane to be the best in these cases for the following reasons: It requires a 
large concentration of oxygen in its administration and renders sufficient 
anesthesia with no bad after-effects. Where cyclopropane is not available, 
nitrous oxide gas may also be used with satisfactory results. As no very 
great relaxation is required for the operation, ether is unnecessary and may 
be harmful. Because of the very slight shock and the beneficial stimulating 
effects of cyclopropane, I can see no reason for the use of spinal anesthesia 
in these cases. On the other hand, the use of spinal anesthesia in these pa- 
tients, who are usually elderly and arteriosclerotic, is attended with consider- 
able danger and may cause thrombosis of the main arteries of the opposite 
extremity. 

There are certain technical points in the performance of the operation 
which must be rigidly adhered to if primary union and an uneventful re- 
covery are to be attained. 

Because of the damage that may be caused by even the momentary use of 
compression, no tourniquet is used. The amount of blood lost without the use 
of a tourniquet is negligible, providing care is used in careful clamping and 
tying of every vessel as it is cut. 

Preparation of the operative field is very important and requires close 
attention to detail. As a rule, the operative area is prepared by the nurse on 
the ward in the usual manner. With the patient in position on the operating 
table, secondary preparation of the operative field must be carried out. This 
consists of thorough cleansing with benzine applied by means of sterile gauze 
ur a sterile towel, followed by additional cleansing with alcohol applied in the 
same manner. The area may now be painted with iodine in the usual manner. 

Proper draping is also essential. While the leg is elevated a large sheet 
is drawn over the lower half of the table in such a fashion that it reaches 
below the patient’s buttocks and completely covers the edge of the table. A 
sterile towel is now draped around the upper third of the thigh and fastened 
with a towel clip. A half sheet is now placed on the table in such a fashion 
that the leg may be lowered into it and the sheet then draped around the 
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lower portion of the leg so as to completely enclose the nonoperative area in a 
sort of boot. A sterile bandage is the best means of enclosing the leg in the 
sterile sheet so that the boot is formed. Another sheet is now used to drape the 
upper portion of the body and additional towels may be placed above and 
below the immediate operative field. In fastening the various sheets and 
towels with clips, it is necessary to be sure that the leg may be raised from 
the table at any time during the operation without danger of contamination. 
In line with the policy @f simplification of procedure, in order to minimize 
handling of tissues and unnecessary dissection, a simple circular incision is 
used, avoiding the formation of flaps of any kind. The level of the skin in- 
cision need be no higher than the upper border of the patella. The old idea 
that one must amputate as high as possible in diabetic gangrene in order to get 
above the level of infection or into an area of better circulation has proven 





Level of bone separation 


Fic. 1.—Supracondylar amputation for diabetic gangrene. 


to be entirely fallacious. As pointed out previously, the infection is almost 
always confined to the foot and even in the presence of lymphangitis no fear 
of infection of the thigh may be entertained. Another reason for the low 
incision is the conservation of the thigh muscles and of a good length of femur 
both of which are necessary for the proper use of an artificial limb. It is now 
generally admitted that the lower third of the thigh offers the best possible 
location of the amputation for the subsequent use of an artificial limb; hence, 
the traditional operation known as ““midthigh” amputation should be abandoned 
in diabetic gangrene. The proper terminology is “supracondylar” amputation 
(Fig. 1). The skin incision should be made with a medium sized scalpel which 
should be discarded after the skin is penetrated and a fresh scalpel used for the 
soft parts. In this type of operation, where precise technic is necessary, the 
use of a clumsy amputation knife is out of the question. All vessels are 
clamped as they are cut and particular care must be taken so that accurate 
hemostasis is obtained before the bone is cut through. This obviates the 
necessity of later searching for bleeders which only adds to the trauma of the 
operation. 

At this low level of amputation, the popliteal artery is usually found, 
without difficulty, in the posterior tissues rather close to the bone. The 
sciatic nerve is not injected with alcohol nor is any particular attention paid 
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to it other than to be sure that it is cut with one clean stroke. No difficulty 
has been encountered with the nerve by this method. 

It is important that the soft tissues be cut in one plane and that no attempt 
be made to undermine skin or fascia or to dissect into the tissue for any 
reason whatsoever. When the femur is reached and the soft tissues are com- 
pletely severed, a towel moistened with warm saline is applied to the proximal 
tissues and by gentle traction the soft tissues are pulled back, exposing the 
femur for about two inches proximal to the level of skin incision. The 
periosteum is incised at this level and scraped distally (Fig. 2). The bone is 
then sawed through at the same level and the wet towel is now removed. 


A clean operative field is necessary at all times and the extravagant use 


SS Periosteum scraped 


me 2 * 





Fic. 2.—-Level of bone separation. 


of towels is recommended. After each stage of the operation, the operative 
field should be completely recovered with fresh towels. Ligation of all vessels 
is now effected. Previously, plain catgut was used for ligatures but at the 
suggestion of Doctor Burdick, fine silk was substituted. Although the use of 
silk for ligatures entails additional care and accuracy in tying, the results from 
its use are highly gratifying, inasmuch as there is practically no reaction in 
the stump from the use of silk as contrasted to the usual postoperative tempera- 
ture, edema and slight inflammatory reaction resulting from the use of catgut. 
The last nine cases operated upon with the use of silk have healed perfectly 
with no reaction. Fine silk is also used for tying the popliteal artery. 

When the bone is severed, it will be noted that the soft tissues fall together, 
anteroposteriorly, with no tension whatsoever over the end of the bone. To 
maintain the tissues in a good position and to avoid the formation of dead 
space, a few fine silk sutures are used to proximate the muscles and fascia 
(Fig. 3). The skin is approximated very carefully with either fine silk or 
silkworm gut, extreme care being taken, as in a thyroid or hernia operation, 
that no inversion of skin takes place. 

Dressings are now applied to the stump in such a way that not too much 
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bulk is produced. There is no necessity for the use of splints or other methods 
of immobilizing the stump. A snug bandage is applied and the entire dressing 
held in place with a few strips of adhesive plaster. On returning from the 
operating room, the stump is elevated to an angle of 45° by means of a pillow. 
It is kept this way for about two days. 

A great advantage of the operation performed in this manner is that the 
patient may get out of bed on the following day and may be in a wheel-chair 
every day thereafter. This is very important in these cases because most of 
these patients are elderly and are prone to develop bed sores and pneumonia 
if kept in bed for any length of time. It is advantageous for the diabetic 
condition, also, if these patients are able to be out of bed so soon after the 


operation. 





Fic. 3.—Method of closure with silk sutures. Fic. 4.—Appearance of stump eight days 


No drainage is used. after operation. 


The stump may be redressed after 48 hours and every other day there- 
after. A simple, light, dry dressing is sufficient. On the sixth or seventh 
day the sutures may be removed (Fig. 4) and the skin edges held in place 
by means of strips of sterile adhesive plaster. In some instances, the patient 
may be allowed on crutches after the first week or even sooner. Most pa- 
tients are discharged from the hospital from the seventh to the tenth day and 
are instructed not to consider themselves bed patients when arriving home but 
to sit up in a chair all day and start the use of crutches. It is remarkable to 
observe the recuperating powers of even the oldest patients who have under- 
gone this simple amputation after a siege of pain and general weakness 
induced by the loss of sleep. 

No special changes are necessary in the postoperative care of diabetics. 
As a rule, the day after the operation patients are put back on their regular 
preoperative diet with the usual amount of insulin. However, where unusually 
large doses of insulin were necessary before the operation in an infected case, 
care must be observed in the dosage to avoid insulin shock after the infected 
foot has been removed. In other words, such patients usualiy require much 
less insulin after the operation than before. No hesitation need be felt in 
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increasing the diet as long as prover cov rage witl insulin is maintained. Of 
33 amputations performed personally «* Bellevi » Hospital and in private 
practice by the above method, th: se «© ed, a mort lity of g per cent. One of 
these cases had hypertension and sc~ ere nephritis of which he died a few days 
after the operation. Another, who was a poor risk, developed bronchial 
pneumonia and died within 48 hours. <A third, who persisted in breaking his 
diet after the operation, developed a severe infection of the stump and left 
the hospital against advice. Follow-up indicated that this patient died sub- 
sequently but the manner of death is not known. All other cases in this series 
healed by primary union with the exception of a very few instances of super- 
ficial collection of seropurulent material in a few cases where catgut had been 
used for ligatures. The last nine cases, in which silk was used instead of 
catgut, showed no postoperative reaction of any kind in the stumps and perfect 
primary union was obtained in all. The clean reaction-free stumps, obtained 
with the use of silk, are a revelation to the surgeon who is accustomed to 
other methods of amputation for diabetic gangrene. 

Since amputation for diabetic gangrene is usually a life saving procedure, 
one is justified in performing the operation above the knee as here described. 
There may be an occasional case, very rare, however, in which amputation 
below the knee may be attempted. As a requisite for such an amputation an 
oscillometric reading of 1.0 or more must be obtained at the ankle level. If 
such a low amputation is attempted in a case with a poor oscillometric index, 
healing, if it occurs at all, will be delayed for an indefinite time usually neces- 
sitating a second amputation above the knee. As mentioned previously, the 
occasion for a low amputation will be rare because where the circulation is 
adequate, infection, if present in the foot, can be controlled according to newer 
methods of treatment, and gangrene, if present, will usually demarcate very 
definitely, requiring no major amputation. 

If an amputation below the knee is to be performed, a modification of the 
supracondylar amputation may be performed as follows: A circular incision 
is made about eight inches below the lower border of the patella. The incision 
is continued in the same plane through the soft tissues down to the bones. In 
order to convert the limb at this point into a single bone condition as in the 
higher amputation, a longitudinal incision is made over the lateral surface of 
the fibula at right angles with the circular incision proximally along the line 
of the fibula for about three inches. At the upper level of this lateral incision, 
the fibula is severed by means of a Gigli saw and the lower end of the fibula 
is severed in the same manner. The piece of fibula is now removed and the 
soft tissues are retracted with a wet towel as in the thigh amputation. The 
tibia is severed about one inch lower than the fibula and the sharp anterior 
edge of the tibia is carefully beveled with either a saw or a large rongeur. 
The soft tissues are now brought from behind forward and sewed over the end 
of the tibia to the under surface of the skin. The skin edges are approximated 
carefully and no drainage is used. Here again silk should be used and the 
same postoperative procedure as in the thigh amputation is carried out. 
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Two operations performed by this technic resulted in primary union. One 
patient developed a coronary artery thrombosis and died suddenly seven days 
after the operation. 

The objections to amputation below the knee are the increased trauma 
necessary in the complicated dissection and the poor protection to the end 


of the stump because of the small amount of soft parts available for 


coverage. 
CONCLUSIONS 
Traditional fear of the outcome of amputation in diabetic gangrene is no 
longer justified. 
_ ie lifie .chnic. decreased ‘rative shock and changed : 
»y means OF simp ified technic, decreased operative shock and changec post 
operative care, amputation for diabetic gangrene can be considered a relatively 
minor procedure. 
With the newer method of amputation, the operative mortality of diabetic 
gangrene can be greatly reduced. 
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THE INFLUENCE OF SUTURES UPON OPERATIVE WOUNDS* 
JosePpH E. Betuas, M.D. 


Prort, IL. 


FOR MANY YEARS, the medical profession has traditionally assumed that 
the ideal buried suture material had to be absorbable. Out of this assumption 
has grown the popularity which catgut has enjoyed in the past. For almost as 
many years surgeons have, on the other hand, been lamenting the many disad- 
vantages of catgut, but because of its excellent physical characteristics and 
ease of handling and because no satisfactory substitute has been devised to 
replace it, many surgeons have continued its use in spite of its defects. In 
many instances, other surgeons have turned away from catgut and have re- 
sorted to the use of silk’ * * as buried sutures. Some of the disadvantages of 
catgut were thus eliminated only to be replaced by other disadvantages almost 
as disagreeable. Thus for many years the pendulum has swung from catgut 
to silk and from silk to catgut, but in spite of new processes in the manufacture 
of each type of suture, the undesirable effects remained. 

What are the disadvantages of these sutures? Clinically, it has been gen- 
erally observed by surgeons that in many apparently clean surgical cases 
where catgut was used, fluid collections and even abscesses arose in the inci- 
sions during the convalescence, the origin of which could not be accounted 
for. Many things were blamed for this occurrence—imperfect scrubbing of 
the hands of surgeons, assistants and scrub nurses; faulty aseptic technic re- 
sulting in contamination; imperfect sterilization of instruments and of the 
surgical linen. But when all these factors were thoroughly checked and cor- 
rected, edema and effusion of fluid in the incision still persisted. It was then 
thought that contamination of catgut with bacteria and spores was the under- 
lying factor, and this probably with some justice.*.° Methods of manufacture 
have, however, been devised whereby all contamination can be definitely over- 
come with a resultant sterile suture, but still the edema, drainage and unex- 
plainable infections took place. 

In the use of silk in clean cases, there was no great incidence of edema or 
noteworthy effusions but it was observed that, in a notable number of cases, 
some small points in the incision failed to heal, or, where primary healing ap- 
parently did occur, that draining sinuses developed later on which absolutely 
refused to heal until the offending suture was cut down upon and removed.® * 

We strongly support the contention® * that the basis of these reactions 
with catgut and similar sutures rests on the fact that they are composed of 
animal material and hence act as reacting foreign bodies in the tissues. These 
sutures act as reacting foreign bodies because they are variably susceptible to 





* Read before the Western Surgical Association, Omaha, Nebraska, December 3, 1938. 
Submitted for publication March 21, 19309. 
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INFLUENCE OF SUTURES 
enzymatic action and the various chemicophysiologic processes such as occur 
in the body. With silk this is less marked, but almost every surgeon who has 
used silk has observed the deteriorated appearance of a silk suture that has 
had to be removed.’ The qualities of these sutures and especially those of 
catgut are seriously disturbed by such contact until the catgut is completely 
dissolved or “absorbed” and silk definitely frayed. The claim of “absorba- 
bility” is, in essence, an admission of defection in a suture because of the 
above-mentioned influences to which it is liable. As a result of this reaction, 
the formation of edema or of actual collection of free fluid develops in the tis- 
sues. It is not difficult to understand that little repair can take place while 
this reaction is going on. It is not surprising, therefore, that with catgut, the 
strength of the incision is at its weakest about seven days after insertion. This 
has been confirmed by numerous investigators.'!: '*. 1814 The suture has be- 
come profoundly deteriorated or ‘‘absorbed” and no longer lends its strength 
to the incision. Noteworthy healing does not take place until after the reac- 
tion to the reacting suture is spent. It follows, then, that incisions heal not 
because of, but in spite of catgut. 

A reacting animal suture may have another disadvantage—the products of 
its solution, disintegration or digestion may, when absorbed, induce allergic 
reaction.®: 1°16 We have personally conducted a few tests to demonstrate 
that true allergic reaction to catgut is no myth but a very definite phenomenon 
in some protein-sensitive individuals. It is also well known that the products 
of the disintegration of catgut are splendid culture media for bacteria and that 
an infection is actually aided and abetted by the presence of catgut. 

In an effort to get away from sutures of animal origin, surgeons have used 
linen, and in the past few years have followed the example of Babcock’ and 
Kurlander’® in the use of soft annealed steel alloy wire as a superficial and as 
a buried suture. Linen, and in this I include Pagenstecher, has proved unsat- 
isfactory because its capillarity allowed the absorption and retention of tissue 
juices which, by stagnation, became an excellent culture medium for bacterial 
growth. The not infrequent end-results were the formation of persistent 
draining sinuses much as with the use of silk. 

The use of steel wire gave splendid results from the standpoint of absence 
of reaction and of favorable primary healing. But there were mechanical dis- 
advantages in the matter of handling that proved very irritating during opera- 
tions, and there was always the threat of medicolegal complications because of 
its radiopacity. Although steel wire fulfilled the requirements from the stand- 
point of nonreactibility and prompt repair of operative wounds, it was by no 
means the ideal suture for general use. Out of our own experiences at the 
Collins Clinic with varied sutures, coupled with those of others,’® arose the 
idea of formulating the qualities that an ideal suture should have. These are: 


(1) The suture should be sterilizable by common hospital and office meth- 
ods, that is, by autoclaving and by boiling, without significant loss of desirable 


properties. 
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(2) The suture should possess pliability, satisfactory tensile strength, knot- 
holding qualities and uniformity for given sizes. 

(3) The suture should be nonreacting or relatively nonreacting in the 
body tissues. 

(4) It should be insusceptible to the action of tryptic enzymes in the body 
tissues. 

(5) It should be insusceptible to the chemical and physiologic agents in 
the body tissues. 

(6) It should be unaffected by bacteria and incapable of promoting the 
growth of bacteria. 

(7) It should be incapable of retarding the process of repair. 

(8) It should be incapable of inducing disturbing edema or of inducing 
effusions of tissue fluids in operative wounds. 

(g) It should be incapable of inducing allergic reaction and incidentally of 
toxic or carcinogenic influences. 

(10) It should be practically unaffected by clinical ranges of heat and 
moisture. 

(11) It should be truly noncapillary. 

(12) It should permit of ease in handling, at least equal to that of catgut. 

(13) It should be radiolucent. 

The logical conclusion that arises from the above requirements leads to 

(14) The necessity of the suture being nonabsorbable. 

This is rather a tall order even for an ideal suture. We believe we have 
approached the desired result, and present, herewith, a new suture as an im- 
proved substitute for catgut and current sutures. 

This new suture* is composed of incorporated synthetic plastic materials 
especially selected so as to meet the above requirements. These plastic mate- 
rials are polymerized condensation products of aliphatic and aromatic alcohols 
with aliphatic aldehydes. Its appearance is very similar to that of catgut and 
it is prepared in equivalent sizes, but from that point on the similarity ceases. 

We have used this new suture in some 300 cases of all descriptions, under 
ail manner of conditions, and with varied technics. We have learned a lot 
of things about sutures in carrying out this work, and particularly in relation 
to the use of this suture. At first our sutures were crude and of a large size. 
We frequently used the equivalent of No. 2 double as a continuous suture, 
both in clean and in infected wounds. In 217 clean cases, seven developed 
localized reactions from mechanical irritation and some of these required a 
secondary procedure to remove the cause of the irritation. 

These figures require further clarification in relation to changing technic 
(Table I). 

It is obvious that the latter technic, as shown in Table I, has eliminated 
mechanical irritation almost to the point of extinction in clean cases, and has 
materially reduced stitch troubles in infected or contaminated cases. We are 
convinced that this mechanical irritation arises from sutures of large bulk and 


* For convenience and simplicity, the name plastigut has been adopted for this suture. 
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Fic. 1.—Shows a chromic catgut suture at the end of five 
days. The catgut suture is beginning to be absorbed with an in- 
flammatory reaction, especially at the site of absorption. 





Fic. 2.—Shows a section at two weeks, in which a plain cat- 
gut suture is almost completely digested and replaced by a wide, 
rounded area filled with acute inflammatory cells and showing 
central necrosis. This is virtually an acute abscess. Figures 1 and 
2 are typical of the reactions with catgut. 
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from large knots. All others healed by first intention and have apparently 
remained so. Since we have adopted single threads and smaller sizes up to 
size No. 0, whether continuous or interrupted, healing has been primary in all 
but one case. 


TABLE | 
we S PerCentofS I S Per Cent of S 
1937 Group: 
Continuous No. 2 plastic suture, 


double or single..... be iu ae 6 10 47.6 


WI 
“I 
tN 
— 


1938 Group: 
Continuous or interrupted No. 
0000 to No. o plastic suture, 
OO EE es eee 112 I 0.875 23 4 17.0 


Code: C = Clean cases. S = Stitch or sinus trouble. I = Infected or contaminated cases 


In a two-year experience with this suture, we have encountered about all 
the complications that are possible with the suture. We have studiously tried 
to analyze our experiences and are now convinced that a certain technic should 
accompany its use. We are impressed by one observation: That continuous 
sutures within the peritoneal cavity can be used with impunity. We have had 
no intraperitoneal complications following the use of the continuous suture in 
either clean or infected cases. There are no objections, however, to the use of 
interrupted intraperitoneal sutures. In clean cases, extraperitoneal sutures 
may be continuous or interrupted. Generally speaking, interrupted sutures 
are preferable. It has been a matter of great satisfaction to see how promptly 
incisions healed by primary intention, with no evidence of reaction, and to note 
the pliability of the skin and underlying tissues during the healing period. In 
infected and in drained cases, interrupted suture technic is compulsory for 
extraperitoneal locations. We are convinced that the advocates of the Halsted 
silk technic will now find an almost ideal material in this new suture. In in- 
fected cases, there is a definite tendency for the infection to localize without 
the spreading infection we so frequently observed with catgut. The inter- 
rupted loops of this suture will become loosened when uprooted by a slough 
and in most cases will be cast off with the slough. Occasionally it may be 
necessary to use a hook for a loop that has become loosened but not cast off. 
Those sutures which have become buried in viable tissues remain buried and 
cause no trouble. 

We are convinced that no sizes above No. 0 or at most No. 1 should be 
used, and that all strands should be used single. The most useful range of 
sizes in our work has been between Nos. 00000 to 00. The strands are tough, 
have a substantial “feel’’ equal to that of catgut and superior to the limpness 
of fine silk. Those who are advocates of the Halsted silk technic will find an 
improved substitute in a relatively heavier, relatively stronger, nonreacting, 
nonabsorbable suture that has all the advantages of silk without its disad- 
vantages. 
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Although we have performed experimental work upon guinea-pigs and to 
a less extent on dogs, our convictions arise chiefly on the basis of clinical appli- 
cation and results. 

The photomicrographs show a series of typical sections of various sutures 
at different periods (Figs. 1 to 8). 


SUM MARY 


No contribution in the suture field will occur unless we reorganize our 
ideas about sutures. A new principle is offered which distinguishes between 
reacting and nonreacting foreign bodies. Catgut, silk and sutures of animal 
origin are of protein composition and as such act as reacting foreign bodies 
more or less intensely. They are also subject to numerous chemicophysiologic, 
bacteriologic and physical influences, the total effect of which is to hinder and 
delay primary repair in operative wounds. The ideal suture must be one that 
is nonreacting, one that is not affected by the enzymatic, chemical, physiologic, 
bacteriologic and physical influences with prompt, normal repair. Such an 
accomplishment is believed to have been attained in a new plastic suture on the 
basis of extensive animal and clinical experience. 

Since this article has been submitted for publication, a larger number of 
cases have been analyzed as of October, 1939. 


REVISED TABLE 


First Series C S Per Cent of S I S Per Cent of S 
Continuous No. 2 plastigut, 
double or single........... 105 6 eg 21 10 47.6 


Second Series 
Continuous or interrupted No. 
oo00 to No. o plastigut, 
a Te ag 5 biel gnaes 230 I 0.435 50 9 18.00 
Code: C = clean cases. S = stitch or sinus trouble. 
= infected or contaminated cases. 


— 
| 


The author is indebted to Dr. Andrew C. Ivy, Professor of Physiology at North- 
western University, for his outline of animal experiments and for his encouragement 
throughout the period of this study. 
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FRACTURE OF THE CAPITELLUM* 
REPORT OF A CASE SUCCESSFULLY TREATED BY CLOSED REDUCTION 
Epwarp F. McLauaeuuin, M.D. 


PHILADELPHIA, Pa. 


THE ELBOW REGION is a frequent site of bony injury; however, reports of 
fracture of the capitellum are few, about 100 cases being the total found in the 
literature to date. One more case is herewith presented and some of its clini- 
cal features discussed. 


Case Report.—Hosp. No. 28288: M. S., white, female, age 20, was admitted to the 
Germantown Hospital, Surgical Service “B,” October 15, 1937, with the history of having 
fallen down some steps four days previously. Immediate pain was experienced in the left 
elbow, and difficulty in moving it developed one or two hours later. Any movement 
caused great pain. 

Physical Examination.—The left elbow was markedly swollen, and held at a right 
angle. Movement was greatly limited and very painful. A roentgenogram showed “a frac- 
ture of the capitellum of the lower end of the left humerus with a displacement of the 
fragment forward” (Fig. 1). 

Ice-bags were placed about the swollen elbow. After 24 hours, a manual reduction, 
under gas anesthesia, with the aid of the fluoroscope, was attempted, but failed. Bed rest 
and ice-bags were resorted to once more, and, after two more days, it was decided to 
attempt closed reduction again before resorting to operative interference. Gas anesthesia 
was employed. The elbow was held in full extension. With one man pressing firmly upon 
the anteriorly displaced fragment while holding the lower end of the humerus steady, 
the other pulled downward on the wrist with great force and hyperextended the elbow. 
The elbow was then brought quickly up into acute flexion—the fragment slipping into its 
proper place (Fig. 2). A wrist sling was applied to hold the arm in the Jones position. 
The pain in the elbow was relieved almost immediately and, later the same day, the 
patient was discharged. 

Seen daily thereafter, the sling was removed, the arm lowered to a right angle, rubbed 
lightly with alcohol, dried, powdered and replaced in a position of acute flexion. After 
the first week, the patient was seen every other day and the same procedure was carried 
out. On those days when she did not report the arm was lowered and replaced at home. 
Three weeks after the fracture was reduced, all dressings were left off and active motion 
permitted. Two weeks later, the patient was using her arm in all her ordinary tasks. 
Extension was restricted about ten degrees, but all other movements were completely 
normal. In ten more days full extension had been regained. A roentgenogram, taken 
some time later, showed a healed bone (Fig. 3). Function has been perfect ever since 


(Fig. 4 A, B, C, D). 

ComMMENT.—Mazel! states that : “Fracture of the capitellum is so rare that, 
to date (April, 1935), only 30 cases have been reported in the literature.” 
Lee and Sumney,? in 1934, collected 28 cases, including a series of 17 reported 
by Lindem,? and added five of their own. Buxton,* in 1936, discussed 38 cases 
which had come under his observation at King’s College Hospital, from 1933 


* Read before the Philadelphia Academy of Surgery, November 18, 1938. Submitted 
for publication March 17, 1939. 
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to 1935. Valle,” quoting Becori’s 42 cases, adds one more. There are other, 


8, 9, 10 


more recent, reports, in which one or two isolated cases are cited.® * 


From the cases noted above, and with allowance for some overlapping, it seems 


Ss? 


there are now about 100 cases reported in the literature. 





Fic. 1 Anteroposterior and lateral roentgenograms of fracture of the capitellum before reduction. 


The first description of this fracture, according to Lee, was made in the 
autopsy room by Hahn, in 1853. Mazel’ gives Kocher™ credit for first recog- 
nizing and dealing with the condition clinically. 


This fracture usually occurs in youth (15 years is the average age given 





Fic. 2.—Anteroposterior and lateral roentgenograms of fracture of the capitellum after closed reduction. 


in Buxton’s series). It probably occurs most often when the arm is extended 
to break a fall. In this position, the radius is poised behind and below the 
capitellum, somewhat like a blunt chisel, and is driven against it when the 
force strikes. If the elbow has been momentarily hyperextended just before 
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the upward thrust comes, the radius will be in an even more favorable position 
to chip off the capitellum. The displacement is almost always forward, al- 
though in some cases, notably Kocher’s, it was posterior. The force in this 
instance may have been applied with the elbow acutely flexed. 





Fic. 3.—Anteroposterior and lateral roentgenograms of fracture of the capitellum two and one-half 
months after closed reduction. 


It might be well to recall some anatomic facts: First, that we are dealing 
solely with the capitellum. Second, that this is entirely intracapsular; has no 
periosteum ; and derives its main blood supply through vessels from the joint 


A B Cc D 





Fic. 4.—A, B, C and D: Showing complete restoration of function of the elbow six weeks after closed 
reduction of fracture of the capitellum. 


capsule. Third, that the ligament surrounding the elbow joint is weaker an- 
teriorly, where it is sheet-like and pleats up on flexion. 

Being an intracapsular fracture, its healing process will depend greatly on 
whether it is a complete fracture or a greenstick one. If complete, the frag- 
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ment is severed from any source of nourishment and must be regarded in the 
light of a bone graft. Its rehabilitation will depend upon new capillaries and 
trailing osteoblasts bridging the fracture line.'* 

Treatment.—The desideratum is to restore the normal function to the 
radiohumeral joint. All depends on whether the capitellar fragment can be 
restored to its former site and fixed there until it heals. Some feel it can 
never be properly replaced, or, if it is, it will not become reattached. Fitz- 
gerald'* says: “In all cases, the fragments should be removed as scon as 
possible after the injury.” The chance of the fragment’s becoming a loose or 
fixed foreign body, favored by restricted osteoclastic process, prompts this 
attitude. Others favor operative reduction and mechanical fixation. Lee 
favors the employment of a bone peg or steel pin, while Buxton sutures through 
drill holes or uses a transversely inserted bone peg, running into the trochlea. 
Immobilization to prevent tearing of the delicate new capillaries with their trail- 
ing osteoblasts explains this attitude for mechanical fixation. We feel, and our 
case illustrates, that once accurately replaced a capitellar fragment can heal 
without mechanical fixation. In fact, once replaced, all the natural forces in 
the region tend to hold the fragment in position—the cup-like head of the 
radius, the humerus, the lateral ligaments, and the ulna all contribute support, 
all but the anterior ligament. This is compensated for by bringing the radius 
in front by fixing the arm in acute flexion. 

Other authors, also, have clinical proof that healing and function are ob- 
tained by this simpler method.® 1* Christopher and Bushnell'® report two ex- 
cellent examples of this. One case, a female, age 40, had complete function 
28 days after reduction. Another, age 38, had go per cent function in 24 days. 
3oth had union checked by roentgenograms. Their method of reduction was 
similar to ours. Most of those favoring operative intervention admit some 
cases may respond to treatment by closed reduction. On the other hand, 
anyone would be unwise to limit himself to closed methods where indications 
call for operation, as in old complicated cases, multiple or diversely rotated 
fragments, etc. 

Aiding reduction in the case herewith reported was the fact that the swell- 
ing had been greatly reduced by the time of the second attempt. Perhaps, if 
reduction of the fracture cannot be attempted during the first 24 hours, it might 
better be deferred until after about a week, when the swelling will have become 
greatly reduced. We should also emphasize that the force used in reducing the 
fracture in the present instance was more than gentle—almost a sharp, 
tugging pull. 

Treatment after reduction, open or closed, is extremely important. Acute 
flexion holds the fragments well, and a simple wrist sling permits ready in- 
spection. If swelling occurs, it is unrestricted and any need for changing the 
degree of flexion will be apparent at a glance. Meyerding and Pollack’? warn 
of contracture following too great flexion in the presence of swelling in a case 


of fractured capitellum. 
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Early passive motion is most essential—breaking up fibroblastic processes 
in the traumatized tissue about the joint and not permitting scar tissue to form. 

Stimulation with light massage, with or without alcohol, nourishes the soft 
parts, and aids in the circulatory removal of old blood, etc. 

Powdering helps prevent friction and surface necrosis, blistering and 
infection. 

Active motion—restricted at first, later unlimited—is the final and best 
means of restoring function. While we did not use it until three weeks had 
passed, we believe it may be tried even earlier. 


CONCLUSION 


All will agree that restoration of function is the object of any method of 
treating fractures of the capitellum. Most writers admit that an occasional 
case can be reduced and will get well without operation. We feel that a reversal 
of attitude is needed; that closed reduction with early motion is the method 
of choice and that other procedures should be reserved for the occasional com- 
plicated case. 
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A SUGGESTED IMPROVEMENT TO THE ALLIS’ METHOD OF 
REDUCTION OF POSTERIOR DISLOCATION OF THE HIP 


Leon E. De Yor, M.D. 


PATERSON, N. J. 


POSTERIOR DISLOCATION of the hip, with or without fracture of the acetabu- 
lum, has become a more frequent injury in recent years. Stimson,® in 1912, 
states: ‘‘Percentages of dislocation of the hip, compared with all dislocations 
was 1.4 to 2 per cent.” Speed,* in 1928, says “approximately 5 per 
cent of all dislocations . . . admitted to the fracture service of the Cook 
County Hospital were dislocations of the hip.””. We have not been able to find 
more recent statistics dealing with the relative frequency of this injury but 
believe it to be higher than the 5 per cent reported by Speed in 1928. 

The majority of these cases result from automobile accidents and, in our 
experience, it is the person sitting beside the driver who sustains this type of 
injury. This has been corroborated by Funsten, Kinser, and Frankel? who, 
because of the frequency of this etiology in their series of cases, aptly call this 
injury “dashboard dislocation of the hip.” 

Campbell! observes that fractures of the acetabulum, usually of the pos- 
terior lip, were present in 37.5 per cent of his cases of traumatic posterior 
dislocation of the hip. 

It is desirable to radiograph the hip before manipulation to determine the 
presence or absence of associated fracture of pelvis or femur. 

Three methods of reduction are described by Speed:® (1) Allis’ direct 
method. (2) Bigelow’s circumduction method. (3) Stimson’s gravity 
method. 

Briefly described, they are as follows: (1) Allis’ method: (a) Fix pelvis. 
(b) Flex thigh. (c) Lift thigh. (d) Extend leg. 

(2) Bigelow’s Method: (a) Flex and forcibly lift.. If this fails, (b) flex 
and lift while abducting. If this fails, it will be found that the rent in the 
capsule will be so large that method (a) will now be successful. 

(3) Stimson’s method (reverse of lifting and traction): Patient lies face 
down with pelvis at edge of table. Thighs hang straight down, knee flexed at 
a right angle, and foot being held by operator. A weight is placed on back of 
calf of leg just behind the knee. 

G. A. Illin,* in reporting the Dzhadelidze method, describes the technic as 
follows: “The patient is given a general anesthetic and is placed in a prone 
position on an examining table in such a manner that both superior anterior 
spines and the symphysis pubis touch the distal end of the table. The normal 
lower extremity is placed on a small table of the same height as the examining 
table. The other extremity is kept with the knee flexed to 90 degrees—it 
aes Submitted for publication March 24, 1939. 
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hangs from the table and is supported by one hand of the surgeon in the region 
of the calf above the ankle. For the purpose of reduction, pressure is applied 
to the popliteal region. The surgeon uses his free hand or his knee for this 
purpose. Simultaneously a rotation of the hip is performed by the hand sup- 
porting the lower leg of the patient. This maneuver is followed by a charac- 
teristic crepitation of the head of the femur, free mobility of the reduced hip, 
and restored normal contours of the gluteal region.’’ This method seems to be 
closely allied to the plan described by Stimson. 

Because of the powerful muscles and ligaments with which the hip joint is 
surrounded, much force is sometimes required, especially if the acetabulum is 
intact, to pull the head back into the socket. With the patient lying on the 
floor or a table it is often difficult by means of the above methods for the 


operator to apply his strength to the best advantage. 





Fic. 1.—Photograph demonstrating the author’s modification of the Allis’ method of reduction of a 
posterior dislocation of the hip. 


At the Paterson General Hospital, during the past 11 years, we have em- 
ployed a method of applying the principles laid down by Allis, which has 
resulted in easy reduction in 19 consecutive cases. Because of its simplicity 
we desire to report it. 

Method of Procedure.—tThe patient is anesthetized lying on his back and 
is so placed that the buttocks are at the end of the table. An assistant holds 
the normal leg horizontally or it may be placed on a small table of the same 
height as the operating table. The pelvis is now strapped or firmly held to the 
table by the assistant. The operator takes the dislocated leg, flexes the thigh, 
and with his back against the end of the table and against the patient’s but- 
tocks, brings the dislocated leg over his shoulder. The operator’s shoulder is 
now under the popliteal space, the knee is flexed, and the back of the patient’s 
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calf lies against the operator’s chest (Fig. 1). With the leg firmly held in 


this position the operator lifts upward and bends forward, easily exerting 


powerful traction on the femur. The dislocating force is thus reversed and 
with an audible click, the head snaps into the acetabulum and the motion of 


the thigh is no longer restricted. 
SUMMARY 


(1) The methods of reduction of traumatic posterior dislocation of the 
hip are reviewed. 
(2) A simple and efficient method is described. 
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THE EFFECTS OF TEMPERATURE ON THE SURVIVAL OF 
ANEMIC TISSUE* 


AN EXPERIMENTAL STUDY 


BaRNEY Brooks, M.D., anp GrorGe W. Duncan, M.D. 
NASHVIILE, TENN. 
FROM THE DEPARTMENT OF SURGERY, VANDERBILT UNIVERSITY, NASHVILLE, TENN. 

THE REACTIONS of living matter to changes in temperature have been ob- 
served and recorded since earliest antiquity. In general, living tissues may be 
influenced by cooling, warming, freezing and supercooling; and the living 
tissues may be the whole organism, or an attached part, or a separated part. 
The effects produced may also be considered from either the viewpoint of an 
influence on vital processes or as a matter of preservation of viability. 

The present communication deals only with the effects of temperature on 
the preservation of the viability of a part of an animal deprived of its cir- 
culation. Previous observations bearing on this particular phase of the problem 
have been reported by Starr,’ Allen,’ * * 4° and Freeman.® 

Starr placed the extremities of a series of patients suffering from peripheral 
vascular disease in different environmental temperatures and noted the effects 
on the usual criteria of the efficiency of the circulation. With the color as an 
index of the volume flow of blood, and pain as an indicator of tissue damage, 
he concluded that the maintenance of a temperature of 30° to 34° C. was most 
favorable for increasing the circulation and inhibiting unnecessary oxidation. 

The first experimental study of the possible beneficial effects of cooling a 
part of the body with deficient circulation in the prevention of gangrene was 
recorded by Allen,’ * * * ° in 1937. He experimented with rats, cats and dogs. 
The extremities and loops of intestine were rendered ischemic by ligature of 
arteries and the application of tourniquets. The environmental temperatures 
were obtained by the immersion of the ischemic part in melting ice or warm 
water. It was found that gangrene occurred after only three to three and 
one-half hours if the temperature of the ischemic part was maintained at 40° 
to 41° C., and did not occur after 54 hours of ischemia if the part was kept 
at o° to 2° C. Allen thoroughly appreciated the inaccuracies of the methods 
employed, which he states were the only ones available to him. The amount 
of ischemia produced by ligation of an artery is well known to vary widely in 
different experiments ; and it is always impossible to determine the extent of 
local damage of a tourniquet. His experiments dealt only with temperatures 
between 38° and 47° C., around 0° C., and room temperature. 

More recently, Freeman® has reported a study of the influence of tempera- 





* Read before the American Surgical Association, St. Louis, Mo., May 3, 1940. 
Submitted for publication May 3, 1940. 
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ture on the development of gangrene in instances of peripheral vascular dis- 
ease. He believes that raising the temperature of an ischemic extremity in- 
creases both the blood flow and the metabolism, but that in the presence of 
diminished blood flow the relatively larger increase in the latter may produce 


a greater nutritional deficiency and, as stated by Freeman: “Gangrene results 


Fic. 1.—Apparatus employed for maintaining low temperatures. The 
compressor for the refrigerant is on the lower shelf. Four of the eight rats 
are shown in the containers, as are also the rubber tubes containing the tails 
of the rats on the opposite side. The thermostat is on the left; the motor 
above drives the stirring apparatus. The pressure was applied within the 
chamber through the rubber tube at the extreme right. 


from a discrepancy between the demands of the tissues and the supply of 
Freeman recommends maintenance 


blood to meet these nutritional needs.” 
of the temperature of the air about an ischemic extremity at 30° to 34° C. 
From this, it is clear that Freeman believes the anemic extremity should be 
warmed by a surrounding air which is approximately at the same temperature 
as the average normal warm foot. 
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In a previous communication the authors® have reported a study of a series 
of experiments in which different pressures were applied to rats’ tails for 
different periods of time. In this previous experimental study a remarkably 
constant set of conditions were found which seemed particularly appropriate 
for the study of the effects of temperature on the viability of tissues which 
were deprived of circulation. It was found that if a rat’s tail were subjected 
to a pressure of 130 Mm.Hg. for a period of 18 hours at room temperature, 
massive gangrene subsequently occurred in all instances. The time factor 
was so sharply defined that gangrene was never produced by pressure applied 
for less than 17 hours at room temperature. 
The present experiments consisted in determining the minimum time for 
applying a pressure of 130 Mm.Hg. to a rat’s tail maintained at a given tem- 





Fic. 2.—Apparatus employed for maintenance of temperatures 15° C. 
and above. The a inism for pumping the warm or cold fluid is not shown 
in this photograph. The coiled wires connect with the thermostatic control. 


perature which would insure the subsequent development of gangrene after 
the animal had been returned to room temperature. The apparatus employed 
was similar to that previously described except for the use of a larger chamber, 
which permitted experiments to be conducted on eight animals simultaneously, 
and the addition of apparatus for the maintenance of constant temperatures 
within the range of —5° to 40° C. 

The apparatus (Figs. 1 and 2) consisted of a closed, rectangular copper 
box across which were stretched eight thin-walled rubber tubes (Penrose 
tubing) into which the rats’ tails were placed. A constant pressure of 
130 Mm.Hg. was maintained within the box by compressed air and a suitable 
mercury valve. One box contained a coil of copper tubing which served as 
the expansion chamber for SO, fed to the coil by a compressor obtained from 
a small commercial refrigerator. In another box the coil served to conduct 
hot water fed by a small electrically driven pump. The supply of the re- 
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frigerant or heating medium was controlled by thermostats sensitive to one 
or two degrees’ temperature change. The sensitivity of the thermostats and 
the even distribution of the chosen temperature to all parts of the box were 
controlled by partially filling the chamber with dilute alcohol which was sub- 
jected to continuous, vigorous agitation by an electrically driven stirrer. 

The temperatures chosen for the experiments were —5°, 1°, 5°, 15°, 30 
35° and 40° C. Maintaining a constant pressure of 130 Mm.Hg., successive 
groups of rats’ tails were subjected to each temperature until the length of 
time for the uniform production of gangrene was determined. 

It is important to emphasize that the rats’ tails were not left in the pressure 
chamber until gangrene was present ; and the time assigned as that necessary to 
produce gangrene, is the length of the period during which pressure and 
temperature were maintained in such instances as gangrene subsequently 
developed at room temperature. Although it was possible in some instances to 
predict the occurrence of gangrene at the time of the termination of the pres- 
sure and temperature, the actual state of gangrene did not occur until 8 to 24 
hours later. If gangrene did not develop the animals were sacrificed after 
varying periods of observation and microscopic sections of the tails prepared. 

The results of the experiments are summarized in Tables I and II. Table I 
shows the results obtained in 117 of the 140 experiments performed. Table I 
shows the minimum periods at each temperature in which gangrene subse- 


quently occurred at room temperature. 


TABLE | 
Tempera- Number Number Incidence Tempera- Number Number Incidence 
ture of of of ture of of of 
Centigrade Hours Animals Gangrene Centigrade Hours Animals Gangrene 

I I O 18 I O 

2 3 oO 24 I O 

40° C 3 5 2 is” C: 30 2 oO 
4 9 9 36 5 oO 

5 5 5 48 8 8 

72 3 

5 2 oO 24 2 oO 

6 2 O 30 2 ro) 

35 C 7 2 oO ee 36 3 9) 
8 4 3 48 7 oO 

10 5 5 72 8 fe) 

I2 2 2 96 I I 

8 2 oO 18 2 O 

10 3 oO 30 2 oO 

= a, a 12 3 I re 40 2 oO 
14 6 4 72 3 oO 

16 5 5 96 4 Oo 

-5°C, 8 2 2 


From an examination of Table II, it is obvious that the effectiveness of 
temperature became proportionately greater toward either the highest or 
~O 


the lowest temperatures studied. Diminishing the temperature from 15 
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to 1° C. added at least 48 hours to the duration of viability, and increasing 
the temperature from 35° to 40° diminished the period of viability more than 
one-half. 

TABLE I] 


DURATION OF ANEMIA NECESSARY FOR PRODUC- 
ING GANGRENE AT VARIOUS TEMPERATURES 


Temperature Number of 
Centigrade Hours 
I 96 plus 
5° 96 
15 48 
30 14-16 
35 8-10 
40 3 ~4 


It was impracticable to submit animals to confinement for more than 
96 hours, and this period of confinement was attended by a relatively large 
proportion of the animals dying during the period in which pressure was 
being applied. In two experiments the rats’ tails were subjected to a tempera- 
ture of —5° C. for eight hours without pressure being applied. In each in- 
stance the tail was frozen and gangrene developed. In four other experiments 
gangrene occurred after the tails were frozen by immersion in alcohol at 
—75° C. No attempt has been made to obtain supercooling as employed in 
the experiments of Lewis.” 

The pathologic changes foilowing different periods of ischemia at various 
temperatures in which gangrene did not occur were similar to those observed 
in the experiments previously reported. It is, however, worth calling attention 
to the fact that marked fibrous replacement of muscles was observed in in- 
stances in which the maintenance of a low temperature has prevented the 
occurrence of gangrene. 

These experiments demonstrate conclusively that temperature is a powerful 
factor in determining the length of time tissues rendered completely anemic 
remain viable. 

In these experiments there has been no attempt to determine the mechanism 
by which temperature exerts an influence on viability of tissues completely 
deprived of circulation. It is worth while pointing out, however, that the 
influence of the temperature on viability of the rats’ tails in these experiments 
was not because of any change in the receipt of nutritive material or the re- 
moval of waste products. In other words, the condition as far as the circula- 
tion was concerned was presumably the same at each temperature. Although 
these experiments might be used as further evidence that temperature may 
influence the development of gangrene because of an alteration of metabolism, 
we believe that this argument should not be presented until more definite in- 
formation is obtained. Furthermore, it is important to recognize that the 
term gangrene as applied in clinical medicine to conditions developing from 
peripheral vascular disease designates postmortem changes rather than con- 
noting evidences of necrosis, and it is well-known that temperature is a 
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powerful influence on the particular postmortem changes constituting the 
clinical picture to which the term gangrene is applied. 

The uncertainty of determining by gross examination the exact time at 
which necrosis occurs is illustrated in these experiments, in which it was 
frequently impossible to determine at the end of a period of continuous appli- 
cation of pressure if the tail were subsequently to undergo desiccation and 
spontaneous amputation. In fact, if gangrene did occur there still remained 
a doubt as to the exact time of cessation of viability. It may be added, 
however, that microscopic sections of tails subjected to conditions uniformly 
found to cause gangrene often show definite microscopic evidence of cell 
disintegration at the time of cessation of the period of anemia. This is im- 
portant in interpreting Starr’s statement that he had observed that baking 





Fic. 3.—Photograph showing characteristic appearance of gangrene. Obtained five days after removal 
of the tail from the pressure chamber. 

of an extremity resulted in the rapid development of gangrene. Two ex- 
periments have been performed to illustrate this point. Two rats’ tails were 
subjected to a pressure of 130 Mm. Hg. at 30° C. for 16 hours, which in 
five previous experiments produced gangrene in all instances. At the end 
of this period both tails were equally blanched and neither was gangrenous. 
The tail of one animal was immediately transferred to a chamber in which 
the temperature was 1° C. The temperature of the chamber of the other 
rat’s tail was elevated to 40° C. No further pressure was applied to either 
tail. The tail maintained at 40° C. showed marked discoloration in two hours 
and definite disintegration at 12 hours. The tail maintained at 1° C. showed 
no evidence of gangrene at the end of 24 hours. In fact, the tail appeared as 
if gangrene would not occur. The tail was removed from the cold chamber 
and the animal returned to room temperature. Evidences of gangrene ap- 
peared in 24 hours. Additional experiments are being performed to study 
the condition of the circulation in rats’ tails in periods intervening between the 
cessation of pressure and the subsequent appearance of gangrene. 

In conclusion, the authors wish to emphasize that the results of these 


135 








BROOKS AND DUNCAN Annals of Surgers 


July, 1940 


experiments are not adequate evidence for the immediate acceptance of value 
in clinical medicine of methods of refrigeration of extremities rendered pre- 
sumably temporarily anemic by peripheral vascular disease: First, there was 
definite evidence in the microscopic study of the rats’ tails which did not 
become gangrenous that extensive fibrous replacement of such highly spectal- 
ized tissues as muscles and nerves may take place, although refrigeration had 
prevented massive necrosis. Second, conditions were present in these ex- 
periments which are very unlikely to be duplicated in clinical medicine. In 





. ~\ rw 
Fic. 4.—-Photomicrograph of rat’s tail made 15 days after 
subjection to 130 Mm.Hg. pressure, for 48 hours, at 1° Al- 
though gangrene was averted by low temperature, degeneration 


and fibrous replacement of the muscle can be seen. 


the experiments there was a relatively thin part of the body completely de- 
prived of circulation by pressure. This presumably produced a relatively 
narrow transitional zone between the normal and modified tissues. In clinical 
medicine the thickness of the part, the broad transitional zone not well-defined 
by transverse planes, and the absence of signs permitting the determination 
of impending necrosis make it probable that the possible beneficial effects of 
refrigeration in preventing gangrene will be solved not by laboratory experi- 
ments but by statistical data derived from clinical experience. 

Before the adoption of refrigeration as a method for the maintenance of 
viability of free transplants of tissue, such as skin grafts, it will be necessary 
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to know the influence of refrigeration not only on the preservation of viability, 


but also its influence on various factors involved in the healing of wounds. 
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THE FUNCTION OF THE VERTEBRAL VEINS AND THEIR 
ROLE IN THE SPREAD OF METASTASES* 


Oscar V. Batson, M.A., M.D. 
PHILADELPHIA, Pa. 


FROM THE GRADUATE SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 


METASTATIC ABSCESSES and metastatic tumors can appear in locations 
that do not seem to be in line of direct spread from their primary focus. 
There is even a regularity of distribution of these paradoxic metastases. Em- 
pirically, the roentgenologist makes a diagnosis of primary carcinoma of the 
prostate when he finds a certain peculiar distribution of bone lesions in the 
pelvis. Adequate explanation has not been forthcoming for the typical and 
peculiar distribution of these metastatic lesions. The pattern, to me, is not 
at all that of the nerve sheaths of the area as suggested by Warren, et al.' 
It is not the pattern of lymph vessel distribution. The only anatomic system 
into which this pattern fits is the system of veins which, in its plexiform 
ramifications, infiltrates and invests the sacrum, the lumbar spine, and the 
adjacent wings of the ilia. Several years ago, I suggested that the archi- 
tecture of this plexus of veins could be explored by taking advantage of the 
pelvic anastomoses of the deep dorsal vein of the penis. The connections 
and the collateral circulations of this vein are identical with those of the 
prostatic plexus of veins with which it connects. Valves in the veins of this 
region are exceedingly variable. All valves present permit flow toward the 
sacral venous plexus. Injections were first made in 1937. A preliminary 
report was read before the Conference of Eastern Radiologists, in Phila- 
delphia, January 29, 1938, under the title of “The Veins of the Sacrum in 
Relation to Metastatic Carcinoma from the Prostate.”” This work has been 
continued and extended. Injections and corrosion preparations of the vessels 
of the head and neck, already completed, formed an invaluable background 
for this study. The dissemination of infections and tumors from organs in 
other regions by the veins about the spine has also been considered. This 
has led to a better appreciation of the role of the vertebral veins in normal 
physiology. 


CADAVER INJECTION EXPERIMENTS 

Experiment 1.—In our first injection experiment we lifted the dorsal 
vein of the penis, in an adult cadaver, near the symphysis pubis and injected 
a thick radiopaque material toward the pelvis. Specifically, we used Weber’s, 
* Part of the material of this paper was given in an address before the Philadelphia 
Laryngologic Society, March 5, 1940, under the title, “The Circulation of the Head, Espe- 
cially Venous, with Reference to Osteomyelitis, Brain Abscess and Malignant Metastasis.” 
Part was also presented before the Philadelphia Neurologic Society, March 22, 1940, 
under the title, “The Cerebrospinal Veins.” 

Submitted for publication June 5, 1940. 


138 











Volume 113 VERTEBRAL VEINS AND METASTASES 


Number 1 

King’s yellow, artist’s tube water color. This was selected because its brilliant 
color allows it to be readily followed in tissues; further, it is radiopaque. 
The course and progress of the injection was followed under the fluoroscope. 
The mass entered the prostatic plexus of veins, passed along vessels of the 
lateral pelvic wall into the common iliac vein of either side and then to the 
vena cava inferior. As can be seen from the accompanying roentgenogram 
(Fig. 1) the right iliac artery compressed the vein at the point at which 
it crossed it. The lateral sacral veins are well injected. In the stereo- 
scopic films of this pelvis, the material can be followed into the bone and 
into the sacral canal. Some material spread into the wings of the ilium. These 


J ; 
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Fic. 1 Fic. 2 





Fic. 1.—Anteroposterior roentgenogram of pelvis of male cadaver following the injection of thick 
radiopaque material into the deep dorsal vein of the penis. Note the extension of the injected mass into 


the sacrum. 
Fic. 2.—Anteroposterior roentgenogram of pelvis of a male cadaver injected with a thin radio- 


paque material through the deep dorsal vein of the penis. The injected material has rather completely 
infiltrated the venous circulation of the pelvis itself 
roentgenograms give us a pattern which seems an exact replica of the pattern 
made by the early spread of carcinoma of the prostate. It was surmised that 
the parallelism would be even more striking with a more complete injection. 
Experiment 2.—In the next cadaver, in order to secure a good injection 
of vessels of small caliber, a ‘fine’ or thin injection mass was used. We 
employed Weber’s artist’s water color vermilion because in our experience 
it casts an excellent roentgenographic shadow in extreme dilutions. This 
preparation of the native sulphide of mercury was diluted with water until 
it was of the consistency of a light machine oil. The injection was again 
made into the dorsal vein of the penis under fluoroscopic control. As before, 
the cadaver was in the dorsal recumbent position. We used an ordinary 20 cc. 
glass syringe and light pressure with the thumb or index finger. No resistance 
to injection was encountered ; at times the plunger would close part way of 


139 





S aeeeete 


Se NES Slate i eNO NE PR SPR: 








OSCAR V. BATSON Annals of Surgery 


itself. This time, to our surprise, none of the material reached the inferior 
vena cava but instead spread out in the veins in and about the sacrum itself. 
The veins of the ilium and those of the lower lumbar spine were also injected. 

This injection still better duplicated the pattern of metastatic spread 
from the prostate but it raised the question as to why the mass did not enter 
the vena cava inferior. The mass was thin and met with no resistance in the 
veins about the dura and those in and 
about the vertebrae. The cadaver was 
in the dorsal recumbent position and 
hence the vena cava inferior was at a 
level several centimeters higher than 
those veins that were so readily filled. 
The heavier, more viscid mass in the 
first injection spread more rapidly in 
the channels of large caliber. To study 
further this vertebral spread, it was de- 
cided to use a larger quantity of the 
thin mass for the next injection. 

Experiment 3.-—A cadaver was pre- 
pared as before. Fluoroscopic control 
was used, and after the injection of 
measured amounts of mass, roentgeno- 
grams were made. At no time did the 
fluid enter the caval system of veins 
(Fig. 2). The material progressed up 
the spine through successive anatomic 
regions. Many intercostal veins were 
filled as well as the veins of the bony 
pelvis. 

When the amount of injection mass 
was increased to a total of 200 cc., the 
material attained the base of the skull 
and entered the cranial cavity. The 





mass also extended along fine straight 
___ FG. 3.—The same cadaver as Fig. 2 show- vessels into the right thigh (Fig. 3.). 
ing the injection of the venae vasorum of the 2 
femoral vessels. F, femur; V, valve; Ve, venae These were found to be vasa vasorum, 
eae or, more specifically, venae vasorum of 
the femoral vessels. Valves prevented the filling of other, larger veins of the 
thigh. 

Although the vertebral plexus of veins of the upper thoracic and cervical 
regions was familiar ground from our earlier preparations, we were not 
prepared for this extensive filling of the vertebral veins and the by-passing 
of the caval veins. This specimen furnished a composite picture of the meta- 
static pattern of advanced cases of carcinomatosis with primary origin in the 
prostate. 
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Repeated experience has shown that the extent and course of this injection 
was not an accident. It has been made repeatedly and the course examined 
roentgenographically and by dissection. This method of venous injection has 
for two years been routine in the preparation of male cadavera for dissection 
in this laboratory. We use a latex rubber mass” and expect to find fairly 
well filled such veins and sinuses of the cranial cavity as the superior longi- 
tudinal sinus, the cavernous sinus, Trolard’s anastomotic vein and others. 


ANIMAL INJECTION EXPERIMENTS 

Our next interest was to see if this pattern of venous flow could be 
duplicated in a living animal or if it was but an artifact of cadaveric experi- 
ment. This entire system of epidural and vertebral veins has a free and 
rich anastomosis at each spinal segment with the veins of the thoracico- 
abdominal cavity. It is a system of veins without valves except in minor 
connecting channels. The pressure in the system is very low. With every 
compression of the trunk, such as is done many times daily in straining, in 
lifting, in coughing, in holding one’s breath, it seemed to me that the intra- 
truncal pressure would be raised to a sufficient height so that blood would 
flow, not into the inferior vena cava, but into this vertebral system of veins. 
In order to test this hypothesis the following experiment was carried out on 
the monkey : 

Animal Experiment 1.—-With an aseptic technic and sodium amytal as an anesthetic, the deep 
dorsal vein of the penis of a Macaccus Rhesus monkey was isolated and a small cannula inserted. The 
cannula tip was directed toward the pelvis. Colloidal thorium dioxide, prepared for roentgenologic 
diagnosis, was injected with a hypodermic syringe into this cannula. The roentgenogram (Fig. 4A) 
shows that the material passed into the pelvis, followed around the pelvic wall and ascended the trunk 
by means of the inferior vena cava. We feel that these roentgenograms represent the ordinary course 
of flow during trunk muscle inactivity. In order to, in part, simulate conditions of increased intra- 
‘ abdominal pressure such as produced in coughing or straining, a towel was tied about the monkey’s 
abdomen and an injection was again made (Fig. 4B). Under this condition, while some of the material 
entered the inferior vena cava it ascended only part way; some of the thorium medium passed into 
the vertebral system of veins and can be followed in the roentgenogram past the zone of compression 
into the vessels of the thoracic spine and out into the lower intercostal veins. Here then, in the 
living animal, under simulated physiologic conditions, we have a flow which parallels the injection made 
in the human cadaver, and one which duplicates the pattern of prostatic carcinoma spread. 

Animal Experiment 2.—This experiment was repeated on a second monkey with identical results. 
These results were so clear-cut that it did not seem necessary to enlarge the series. 

These experiments indicate that during the Valsalva maneuver, namely, 
compression of the chest and abdomen with the larynx and other sphincters 
closed, not only is the blood prevented from entering the chest by way of 
veins, but blood is actually squeezed out of the intra-abdominal veins into 
the vertebral vein system. The increase in intraspinal or intracranial pressure 
during the Valsalva maneuver or during its physiologic counterpart—cough- 
ing, sneezing, etc.—is, therefore, active and not passive. It is possible that 
the intrathoracic and the intra-abdominal pressures may not always parallel 
sach other. Hamilton et a/.* studied coughing, etc., but were concerned with 
the arterial blood pressure and the spinal fluid pressure and not with venous 
pressure. It should be pointed out that any condition accompanied by cough- 
ing or straining would tend to increase the flow into this venous system, and 
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this may account for the high incidence of cranial metastases in lung abscess 
and bronchiogenic carcinoma. 
SUMMARY.—The injections in the live animal were not essentially different 


from those obtained in cadavera, and show that the cadaver injections were 
not artifacts. 


: tie . 
Fic. 4. A.—The roentgenogram of living monkey during injection of colloidal thorium dioxide into 
the deep dorsal vein of the penis. The injected material passed upward through the inferior vena 


cava. B.—The same animal as A during injection following abdominal compression with a towel. 
The material no longer follows the inferior vena cava but passes upward through the vertebral veins 
and is visualized in lower intercostal veins. 


CADAVER INJECTION EXPERIMENTS IN OTHER REGIONS 

Breast tumors also give rise to many “paradoxic” metastases. To see 
whether a venous pattern would reflect the grouping of aberrant metastases 
from breast carcinoma, an injection was made into a small vein in the left 
breast of an adult female cadaver. The cadaver was in the dorsal recumbent 
position and although two venules were cannulized, the injection was made 
in only one. A watery, thin mass composed of artist’s water color vermilion 
(mercury sulphide) was injected. With the injection of 30 cc., the material 
was found in the clavicles, in the intercostal veins, in the head of the humerus, 
in the cervical vertebrae, in the transverse cranial venous sinus, and even in 
142 








rag 























Volume 213 VERTEBRAL VEINS AND METASTASES 


Number 1 


the superior longitudinal sinus 


(Figs. 5A and 5). 


Some of the material was 


also to be found in the azygous vein and in the superior caval system. These 


injections parallel the spread of 
many of the so-called aberrant 
metastases from the breast, for 
example those to the paranasal 
sinuses, to the skull bones, to 
the cervical vertebrae and to 
the shoulder girdle, etc. This 
injection has been repeatedly 
duplicated. 

In a recent breast injection 
in a senile female, a small can- 
nula was introduced into a vein 
just lateral to the areola mam- 
mae. The first 15 cc. of the 
injected material spread en- 
tirely into the adjacent subcu- 
taneous tissue. The skin sur- 
rounding the site of injection 
flushed and this flush gradu- 
ally extended past the midline. 
Only after the injection of 
more than 15 cc. did the mass 
progress into the intercostal 
veins and to the vertebral sys- 
tem of veins, and into the 
shoulder girdle. In the roent- 
genographic stereoscope, the 
radiopaque mass is seen in the 
coracoid process of the left 
scapula and in the head of the 
right humerus. The spread of 
injected material in the sub- 
papillary plexus of the skin in- 
dicates that Handley’s lym- 
phatic permeation theory, even 
as it concerns the skin, might 
be restudied with profit. 
Further injection studies of the 
venules of the breast always re- 
sulted in an erythematoid cu- 
taneous blush; often this 
spreads past the midline into 
the other breast. The veins 





Fic. s.—Composite anteroposterior roentgenogram of. fe- 
male cadaver after injection of radiopaque material into 
a venule of the left breast. Note the extensive filling of the 


vertebral veins, the superior longitudinal sinus, 
sinus as well as in other dural and cerebral veins. 
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present a network rich enough to explain permeation should the microscopy 
of tumor cases indicate their invasion. Possibly both lymphatics and venules 
are concerned in tumor spread in the skin. 

The parallelism between the architecture of the injected venous network 
and the pattern of distribution of metastases brings up the entire problem 
of the mechanism of tumor spread. 


THEORIES OF TUMOR SPREAD 
Objections are constantly occurring to current theories of tumor spread. 
Objections of Handley’s* permeation theory are very completely stated by 


| | | 


Fic. 6.—Walther’s concept of tumor spread from vari- 
ous regions: 1) primary lung tumors, 2) primary liver 
tumors, 3) tumors from the area drained by the caval 
system, 4) tumors from the area drained by the portal 
system. 


Willis.” A clear summary of the whole problem, together with his own 
concept of tumor spread, is made by Walther,® who holds that metastases 
are carried by lymphatic channels only so far as regional lymph nodes; from 
that point on he feels that tumors are spread by the blood-vascular system. 
His views are shown in four clear-cut figures (Fig. 6) to illustrate his four 
types. He cannot concede the possibility of a retrograde lymphatic spread 
(Handley), and while he admits in theory the possibility of a temporary 
reversal of the flow in a vein, he does not think that this has any practical 
significance. Walther did not envision the role of straining and coughing 
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in tumor spread stated above. It 
is to be noted in each of Walther’s 
four types, namely, the lung, the 
liver, the portal and the caval, that 
he takes the metastatic material by 
way of the caval system through 
the heart, through the lungs, back 
through the heart and then to the 
peripheral parts of the body. This 
makes necessary his assumption of 
differential filters to explain the ab- 
sence of lung lesions. It seems 
doubtful that an assumed predilec- 
tion of carcinoma cells for tissues 
invaded routinely, explains the dis- 
tribution pattern in such conditions 
as metastatic carcinoma of the 
prostate. 

The transporting of tumor cell 
masses in veins is established by 
numerous reports (see Willis,” p. 
18). The role of veins in the 
spreading of pyogenic processes 
needs no comment. 

According to the concept here 
developed we have a vast intercom- 
municating system of veins which 
on the ground of anatomic injec- 
tions, animal experiments, and 
simple logic, is constantly and 
physiologically the site of frequent 
reversals of flow. During these 
reversals a pathway up and down 
the spine exists which does not in- 
volve the heart or the lungs. The 
pathway has many connections. 
It provides a ready vehicle for the 
explanation of “aberrant’’ meta- 
static patterns and removes the 
stumbling block of the absence of 
lung involvement. The course 
through an open foramen ovale, 
while still a possible path, is no 
longer necessary to explain this 
lung “paradox.” 





Fic. 7.—Composite roentgenogram of small male 
cadaver. Injection of radiopaque material into deep 
dorsal vein of penis. Note extensive cranial vein 
injection, 
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THE VERTEBRAL VEINS AND CONNECTIONS 

I have referred to these veins about the vertebral column with their con- 
nections as the vertebral veins. Sometimes they are designated as the men- 
ingorachidian veins. The strictly vertebral portion of the network is com- 
posed of thin-walled vessels ; when empty of blood they are difficult to identify 
yet they have considerable volume. Gilbert Breschet* was the first to fully 
appreciate the complexity and interrelationship of these veins of the skull 
and vertebral column. In the head and neck in man the veins ordinarily have 
no valves except at the point of emptying of the internal jugular veins. 
Throughout the cranium the veins of the brain, the veins of the meninges (the 
venous sinuses), and the veins of the skull bones themselves (the diploic 
veins), and the veins of the various extracranial plexuses anastomose richly. 
The usual methods of study fail to indicate their extent and size. Study of 
these vessels in the cadaver, in the experimental animal, and at the operating 
table show that they are storage lakes* as well as pathways of drainage. 
Stagnation is frequent. Their thin walls indicate that their contents are 
under low pressure. 

The longitudinal vertebral veins duplicate their size and pattern from 
segment to segment ; they have connections with the veins of the body cavities 
at each intervertebral space. The head, except for the two internal jugular 
veins, has a very similar arrangement. Even with the jugular veins, the 
posterior condyloid veins and the mastoid emissary veins and others act as 
by-passes, and are part of a plexiform network. 

These vertebral veins have many and rich communications with the veins 
in the spinal canal, the veins around the spinal column, and those within the 
bones of the column. This system communicates with the segmental (inter- 
costal) veins of the thoracico-abdominal wall (including those of the breast) 
and with the azygous system of veins. Through the latter there are free 
communications with the posterior bronchial vein and the parietal pleural 
veins. There are an occasional communication with a renal vein and rich 
communications with the pelvic viscera. Many of these communications are 
seen in a recent injection. 

In a five-foot four-inch senile, male cadaver, weighing but 65 pounds, 
we were able to readily introduce 200 cc. of medium into the meningorachidian 
system by means of the dorsal vein of the penis. A study of the roentgeno- 
grams of this cadaver shows that there has been some spill-over into the 
caval system. Apparently, this occurred through one of the lumbar veins, 
and the material ran from there in a retrograde fashion into the renal and 
to a lesser degree into an hepatic vein. Even discounting for this spill into 
caval connections the amount of material injected, in the absence of back 





* Barcroft, according to Franklin,* feels that an organ can be regarded as a blood 
depot only if it is clear “that the blood is not in the organ because it is being used there.” 
Willis, however, fails to include this vertebral plexus in his list of blood depots. This 
seems to be an oversight, for the vertebral veins contain blood obviously not in use in 


the region. 
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pressure to cause distention, represents a considerable amount of fluid when 
rated against the total amount of blood in a small individual. 

The testes and ovaries do not ordinarily have direct connections. These 
veins of the spine connect with the venae vasorum of the large vessels of 
the extremities and with the veins of the two bony girdles and the veins of 
upper ends of the femora and humeri. For the most part, all of the vessels 
mentioned are without effective valves. The valves of the pelvic veins are 
variable. The veins accompanying the spinal nerves are commonly described 
as having valves but, as seen by the injection (Fig. 7), these valves are no 
barrier to the suffusion of the entire system. Developmentally, while this 
system came from many components it has retained its essential primitive 
character—rich anastomoses, absence of valves, plexiform channels and many 
reduplications, 

THE VERTEBRAL VEINS AS A VEIN SYSTEM 

It is proposed that in addition to the recognized systems of veirts, the 
pulmonary, the caval and the portal, because of 
its anatomic structure, its physiologic and its path- 






ologic importance, we add, as a fourth, the verte- ene] 
bral system of veins (Fig. 8). According to this on 
concept, in every act of straining, coughing, or . nn 
lifting with the upper extremity, the blood is not \ 
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nections with this vein system and may therefore, 
have metastases distributed anywhere along the 


system without involving the portal, the pulmo- 








nary or the caval system. 


IMPLICATION AND EXTENSION OF CONCEPT 

Almost every medical journal, medical meet- 
ing and hospital corridor provides case reports 
which are understandable by the mechanism here 
reported but which otherwise are obscure. Recent 
reports (Weyrauch,® and Walsh and Goldberg’) 





See Peele eae : 4 Tee , A ‘ Fic. 8.—Diagram indicating 
of disaster following diagnostic injections of peri- the possibility of spread of tumors 
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renal air, and of blindness after pneumothorax ous regions of the body through 
; ay d the vertebral vein system which 
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duction of air emboli into the vertebral venous system. This venous air em- 
bolism problem is now being studied in experimental animals and will be 
reported shortly (Batson, Webster, MacDonald and Lewy). 

Other applications to some of the problems raised by spinal cord tumors 
and by ascending spinal infections will immediately occur to many. 

Turner and Jaffe’! have recently summarized a large series of cases in 
regard to metastases. They note the tendencies of the various histologic 
types, but even after this classification, much is unexplained if the vertebral 
veins are not utilized. Ormond!’ reports a case of cancer of the penis in 
which the spread probably occurred through the vertebral veins. These veins 
seem to explain why the neurosurgeon so frequently makes the diagnosis of 
bronchiogenic carcinoma with cranial metastases. The primary lesion pro- 
vides the tumor cells and the stimulus for the cough which causes a flow from 
the bronchial veins, especially the posterior one, into the spinal veins rather 
than into the veins of the right heart. One would expect metastases to 
travel both upward and downward. Folsome'* reports two cases of vaginal 
tumors, secondary to bronchiogenic carcinoma. The uterovaginal veins are 
commonly without valves and as noted earlier have rich communication with 
the vertebral veins. 

Lung abscesses proverbially have secondary abscesses in the brain. The 
posterior bronchial vein and vertebral veins with the ever-present cough 
appear to present the plausible route of extension. 

CONCLUSIONS 

Many metastatic tumors and abscesses do not fit readily into accepted 
explanations for tumor spread. The absence of lung involvement has been 
a constant stumbling block to current theories. Even an open foramen ovale 
has been used to explain metastatic paradoxes. 

The vertebral veins with their rich, valveless ramifications and connections 
offer a possible solution to the difficulty. Injections into this system by way 
of the deep dorsal vein of the penis gives a pattern duplicating typical pro- 
static carcinoma spread. Injection of breast venules seems to duplicate the 
pattern of aberrant breast cancer spread, 1.e., spread into the spine, the ribs, 
the shoulder girdle and the skull. 

Injection experiments in living monkeys, with simulated abdominal strain- 
ing, show that the venous flow from pelvic veins is into the vertebral vein 
system. 

The vertebral vein complex with its cranial and body-wall connections 
acts as a Separate vein system. It may be either a venous pool, cr it may 
be a venous by-pass for the other vein systems. 

It is possible to explain most cases of aberrant malignant metastases, 


aberrant pyogenic metastases and aberrant embolism following air injections 
by the demonstrated role of the vertebral vein system. 

It is proposed that the veins of the brain, skull, neck, viscera, vertebral 
column (together with their valveless connections in the girdles) and the 
‘ body-wall veins be considered a separate, although overlapping, system of 
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veins. We suggest, for brevity, that the term vertebral veins be used to 
indicate this system. According to this concept the venous systems consist of 
the caval, pulmonary, portal and vertebral divisions. 
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PLASMA TRANSFUSION IN THE TREATMENT OF THE 
FLUID SHIFT IN SEVERE BURNS 
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PHILADELPHIA, Pa. 


FROM THE SURGICAL SERVICES AND THE AYER CLINICAL LABORATORY OF THE PENNSYLVANIA HOSPITAL, 
PHILADELPHIA, PA. 


THE MECHANISM and treatment of the fluid imbalance that occurs in 
severe burns is a special problem of surgical physiology. All too often, in 
discussions of fluid balance in surgical patients this problem is mentioned 
casually and therapy suggested that is definitely out of harmony with recent 
experimental findings on the subject. In the authors’ opinion this situation 
warrants, at this time, further emphasis on the physiologic mechanism in- 
volved and its therapeutic implications. 

Early reports from this clinic’ have stressed the local treatment of burns. 
Recently, several cases of severe burns were observed in a study of the gen- 
eral problems of water and electrolyte control in surgical patients,? * and 
these observations have led to a new interest in the pathologic physiology 
involved. Since that report appeared, five more cases of moderately severe 
burns have been observed. Plasma transfusion was studied as a treatment 
for the shift of body fluids that occurs during the first three days. An effort 
was made to quantitate the protein replacement and to determine the time 
at which the capillaries regain their impermeability to protein. 

Physiologic Considerations.—It has long been known that a decrease in 
the fluid fraction of the blood, variously termed as anhydremia, oligemia, or 
hemoconcentration, is a common phenomenon associated with severe burns. 
Baraduc,* in 1862, described the thickening of the blood, and suggested that 
therapy should be directed toward the prevention of fluid loss from the burned 
surfaces and restoration of blood volume, especially the fluid part. Tap- 
peiner,® in 1881, and Locke,® in 1902, reported the hemoconcentration of 
severe burns, and Underhill,‘ in 1923, again emphasized its therapeutic and 
prognostic importance. 

Experimental and clinical studies have done much to clarify the mechanism 
of this hemoconcentration. Davidson,* in 1927, studied the plasma protein 
in ten cases and found a moderate lowering of the plasma protein concentra- 
tion in the more severe cases; which finding, in the presence of hemoconcen- 
tration, was evidence of loss of whole plasma. Underhill, Kapsinow, and 
Fisk,? in 1930, showed in experimental animals that the capillaries in the 
burned area were readily permeable to methylene blue and trypan blue, and 
that in a burn of one-sixth of the body surface, the local edema fluid was 
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equal to 70 per cent of the total blood volume, and, finally, that the composi- 
tion of the local edema fluid closely resembled that of blood plasma. Bla- 
lock'® "! found, in an experimental study, that the edema fluid accumulating 
in the burned area averaged 57 per cent of the total plasma volume and con- 
tained about the same concentration of protein as the plasma. Mclver,’* in 
a study of 16 patients, stressed the loss of plasma as shown by a fall in the 
plasma level and hemoconcentration. Harkins!* 14 demonstrated in dogs a 
considerable reduction in “bleeding volume,” and hence in blood volume, con- 
firmed Blalock’s finding of a marked fluid shift to the burned area, and 
showed the decelerating rate of the fluid accumulation. Weiner, Rowlette, and 
Elman!® emphasized, from a study of 40 patients, the loss of plasma protein. 
Schievers'® demonstrated experimentally the loss of plasma protein into the 
tissues of the burned area which reduced the absolute quantity of circulating 
plasma protein, and showed by the carbon monoxide method the simultaneous 
diminution of blood volume. Lambret and Driessens' found by the Congo 
red method a similar reduction of plasma volume in burned dogs, and demon- 
strated a high concentration of protein in the edema fluid. Keeley, Gibson 


18 using the “Evans blue” method, found in burned dogs a 21 to 


and Pijoan, 
60 per cent reduction in plasma volume. 

These experimental and clinical observations indicate the fundamental 
mechanism of the fluid imbalance which occurs during the first few hours 
after a severe burn. Capillary stasis and altered permeability in the burned 
area permit passage of plasma protein across the capillary membrane with 
a corresponding disturbance of osmotic pressure relationships. As a result, 
tissue fluids are increased and the plasma volume is diminished. This fluid 
imbalance ts primarily an abnormal distribution, or shift, of fluid rather than 
an external loss. Some fluid and protein is lost externally from the burned 
surface before tanning may be completed, but the amount must be small 
compared to that which accumulates in the tissues. 

This conception leads to certain logical deductions regarding therapy. 
Clearly, the fluid lost from the vascular compartment to the tissues would 
best be returned by replacing the lost plasma protein. This would raise the 
plasma osmotic pressure to a value sufficient to restore and maintain the 
normal distribution of fluid between the intravascular and interstitial com- 
partments. In such a restoration of the plasma protein two factors must be 
considered: First, the time at which the capillaries in the burned area regain 
their impermeability to protein; and second, the total quantity of protein re- 
quired. Furthermore, where there is not a marked external loss of fluid, the 
need for water and electrolytes is moderate only, as the excess fluid in the 
tissues should be available when the plasma osmotic pressure is restored to a 
normal level. The administration of excessive amounts of physiologic saline 
solution, without plasma protein, only increases an edema already present, 
and must be given in dangerously large amounts to have any significant effect 
on the plasma volume. The administration of large amounts of water alone, 
without sodium salts, may result in a dangerous lowering of the extracellular 
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electrolyte concentration, or water intoxication. This occurs because the low- 
ered plasma volume and plasma protein concentration interfere with the 
normal renal defense by diuresis. 

These ideas regarding therapy are not new. Riehl,’® in 1925, reported 
the beneficial effect of whole blood transfusion. Glover?® pointed out the 
danger of producing a marked edema by the excessive use of saline infusions. 
The importance of replacing the lost plasma protein was fully appreciated by 
Weiner, Rowlette, and Elman’ who noted that in patients treated with large 
amounts of glucose and saline solutions alone there was a fall in plasma pro- 
tein with little correction of the hemoconcentration. The latter authors ob- 
tained prompt correction of the hemoconcentration in a number of patients by 
the intravenous use of acacia or plasma, and pointed out that “plasma is ap- 
parently more efficacious than whole blood because of the excessive concen- 
tration of red blood cells already present.” Wilson, MacGregor, and Stew- 
art?! used intravenous gum acacia-saline and whole blood in their series of 
cases with great success. On the basis of experimental and clinical observa- 
tions McClure”? has advocated the prompt replacement of circulating protein 
by plasma transfusions. Trusler, Egbert, and Williams** have also employed 
whole blood and plasma transfusions and have cautioned against the pos- 
sibility of water intoxication resulting from the excess use of fluids. Plasma 
transfusion combined with fluids in moderate amounts has already been 
stressed in publications from this clinic? * as the logical treatment in burns. 

Scudder** has advocated the employment of adrenal cortical extract and 
hypertonic saline solution, and showed, in one of his cases, that these agents 
apparently had a great effect on the plasma volume in the absence of either 
quantitative protein replacement or administration of excessive amounts of 
normal saline solution and water. Whether or not this regimen is better than 
the one employed here remains to be seen. But in the five cases reported in 
this paper, plasma transfusion was administered alone, in an effort to eval- 
uate its therapeutic efficacy. 

Method of Study.—During the phase of fluid shift, hematocrit and plasma 
protein determinations were made every few hours. From these figures ap- 
proximate plasma volumes and total amounts of circulating plasma protein 
were calculated. The amount of plasma corresponding to a unit volume of 
cells at any hematocrit value may be compared with the plasma correspond- 
ing to the unit volume of cells at the normal hematocrit value to give a ratio 
of plasma volume changes. This ratio is expressed as follows: 

(100 — Ho) Hn 


(100 — Hn) Ho 


where Hn stands for the normal hematocrit value and Ho for the observed 
hematocrit value. When the normal plasma volume, arbitrarily assumed to 
equal 5 per cent of the body weight, is multiplied by this factor, an approxi- 
mate value for the observed plasma volume is obtained. From this plasma 
volume, and the observed plasma protein concentration, the total amount of 
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circulating plasma protein is estimated. The plasma deficit is the difference 
between the latter value and the normal total amount of plasma protein (7 


Gm. per cent times the normal plasma volume). 
The derivation of these values at a given time may be illustrated as follows: 


Normal body weight (W) = 79 Kg. 

Normal hematocrit (Hn) = 44% cells 

Normal plasma volume = 0.05 X 79 = 3.95 liters 
Normal total amount of plasma protein = 70 X 3.95 = 276 Gm. 
Normal plasma protein conc. (Pn) = 7 Gm. per cent 
Observed hematocrit (Ho) = 57% cells 

Observed plasma protein conc. (Po) = 6.4 Gm. per cent 


(100 - Ho) Hn 
(100 — Hn) Ho 


Observed plasma volume = xX normal plasma volume= 
43 X 44 X 3.95 ; 
= 2.34 liters = 59% of normal 
56 X 57 


Observed total amount of plasma protein = 64 X 2.34 = 150 Gm. = 54% of normal 
Plasma protein deficit = 276 — 150 = 126 Gm. 
This calculation of the plasma protein deficit may be expressed in a single 
formula as follows: 
W (100 — Ho) Hn Po 


2 (100 a Hn) Ho 


Plasma protein deficit in grams = 3.5 W 


The deficit, or requirement in grams of protein, may be converted into cubic 
centimeters of plasma by multiplication by the factor 14. 

Such a calculation of the deficit involves the errors inherent in the meas- 
urement of hematocrit and plasma protein values and in the assumption of 
normal hematocrit level and plasma volume. These errors may be cumula- 
tive, and the final result is an approximation only. However, in the cases 
reported herewith, the calculated requirement should be within 10 per cent 
of the real value. 

Patients were followed in this manner during the first 72 hours after the 
burn. Plasma protein was supplied in the form of plasma transfusions. These 
were given at various time intervals after the burn in order to determine the 
ability of the capillaries to hold protein. Fluids were given in various 
amounts, the urinary output was measured, and the insensible loss of water 
was estimated. 

The plasma employed in the transfusions was obtained by centrifuging 
citrated whole blood. Some of this was routinely separated from five-day-old 
blood in the Blood Bank. The remainder was separated from freshly drawn 
blood. Plasma was pooled from any type of blood available and no reactions 
were observed. It was given undiluted in order to obtain the maximum 


osmotic effect. 


CASE REPORTS 
Case 5.*—C. E., Negro, male, age 33, sustained, from boiling water, second and 
third degree burns of left side of the chest, abdomen, and back from midline anteriorly to 





* Cases I to 4 (inclusive) of this series have been reported.” * 
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midline posteriorly, left upper arm, right hand, and left thigh (25 per cent of the body 
surface). Treated locally with 10 per cent tannic acid and 10 per cent silver nitrate. 

Mild local edema first four days. Systemic reaction with fever, albuminuria, and 
impairment of liver function reaching a peak on fifth and sixth days. Eschar completely 
removed between eighth and fifteenth days. Mercresin and saline soaks to granulating 
areas with several skin graftings. Discharged healed on one hundred fourteenth day. 

Chart 1.—Case 5 shows: 

(1) The immediate loss of plasma volume to 63 per cent of normal within 40 minutes 
after the burn. 

(2) The corresponding rapid loss of plasma protein. 
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(3) The lack of effect on the plasma volume of the administration of 6,000 cc. of 
protein-free fluids during the first 24 hours. 

(4) The immediate response of the plasma volume to the plasma transfusion of 1,400 
cc. during the twenty-first and twenty-second hours. 

(5) The loss of most of this administered plasma protein within six hours, and the 
corresponding drop in plasma volume. 

(6) The plasma transfusion during the sixty-sixth hour, returning the plasma volume 
approximately to normal. 

(7) The restoration of plasma volume without a positive water balance of protein- 
free fluid. 

Case 6.—R. C., Puerto Rican, male, age 37, sustained, from boiling water, second de- 
gree burns of lower chest and abdomen, left thigh, and left forearm (10 per cent of body 
surface). Admitted 24 hours after burn occurred. Treated locally with 10 per cent tannic 
acid and Io per cent silver nitrate. 
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No local edema. No systemic reaction except for albuminuria on fifth day. Primary 
healing under eschar. Discharged healed on thirty-ninth day after the burn. 

Chart 1.—Case 6 shows: 

(1) The marked loss of plasma volume and total amount of circulating plasma protein 
that may occur with a relatively small burn that is neglected. 

(2) The prompt, adequate response to plasma transfusion given during forty-fourth 
and forty-fifth hours after burn. 

(3) The ability of capillaries to hold protein at this time. 

(4) The restoration of plasma volume without a positive water balance of protein- 
free fluid. 

Case 7.—P. C., white, male, age 60, sustained, from boiling water, first and second 
degree burns of scalp, face, neck and shoulders (10 per cent of body surface). Treated 
locally with 2 per cent gentian violet. 

Moderate local edema first ten days. No systemic reaction. Primary healing under 
eschar. Discharged fourteenth day. 

No chart is shown because the changes were qualitatively identical with those shown 
in the other cases. However, the following facts are presented: 

(1) The plasma volume fell to 82 per cent of normal at one hour after the burn, and 
reached its lowest value, 75 per cent of normal, at 18 hours. 

(2) There was a corresponding fall in total amount of circulating plasma protein. 

(3) There was a return of plasma volume to normal following a plasma transfusion 
of 580 cc. during the fortieth hour. 

(4) The capillaries held this protein, given during the fortieth hour. 

Case 8.—J. P., Negro, male, age 44, sustained, from fire, second and third degree 
burns of face, neck, forearms and hands (15 per cent of body surface). Treated locally 
with 2 per cent gentian violet. 

Severe edema at sites of burn during first three days. Marked systemic disturbance 
with fever, albuminuria, impairment of liver function. Severe irritative bronchitis from 
smoke inhalation. Hemolytic streptococcus isolated on the fifth day from under eschar, 
which had not been completely removed. Despite sulfanilamide, developed septicemia and 
died, acutely febrile, on eighth day. 

Chart 2.—Case 8 shows: 

(1) The extremely rapid diminution of plasma volume to 73 per cent of normal in 
15 minutes after the burn, and to 55 per cent in three hours. 

(2) The corresponding rapid loss of plasma protein. 

(3) The administration of small doses of protein in plasma transfusion to prevent 
excessive hemoconcentration, until the capillaries regained their impermeability to protein. 

(4) The administration of a large plasma transfusion during the forty-first and forty- 
second hours, with an adequate rise in plasma volume and retention of plasma protein. 

(5) The restoration of plasma volume without a large positive water balance of 
protein-free fluid. 

Case 9.—J. A. P., white, male, age 23, sustained, from fire, second and third degree 
burns of the right shoulder, upper arm, back, side, chest, upper abdomen, and left hand 
(20 per cent of the body surface). Treated locally with 2 per cent gentian violet. 

Severe edema of burned areas during first seven days. Systemic reaction with 
albuminuria, fever, impaired liver function. Areas of local infection, with eschar com- 
pletely removed twelfth to fifteenth day. Mercresin and saline soaks to granulating areas, 
and skin grafts. Discharged practically healed on seventy-eighth day. 

Chart 2—Case 9 shows: 

(1) The initial rapid diminution of plasma volume to 73 per cent of normal in 20 
minutes after the burn. 

(2) The corresponding rapid loss of plasma protein. 

(3) The administration of small doses of protein in plasma transfusion to prevent 
excessive hemoconcentration. 
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(4) The administration of a large amount of protein during the thirty-first and 
thirty-second hours, with only partial restoration of plasma volume and partial retention 


of plasma protein. 
(5) The complete restoration of plasma volume, with final small dose of protein 


given during forty-seventh hour. 
(6) The restoration of plasma volume without a large positive water balance of 


protein-free fluid. 
SUMMARY AND CONCLUSIONS 

Five cases of moderately severe burns have been studied in the light of 
recent experimental and clinical observations. The results are in accordance 
with the view that the fluid imbalance is primarily due to an altered capillary 
permeability with a shift of fluid and protein into the tissues, rather than an 
external loss. 

The restoration of plasma protein by means of plasma transfusion is a 
rational treatment for this fluid shift. 

Evidence is presented that the loss of plasma protein continues until the 
thirty-first to fortieth hour. During this period excessive hemoconcentration 
may be prevented by small repeated plasma transfusions. Whether or not 
this period of healing is a general biologic property of damaged capillaries 
cannot be stated from the evidence at hand. 

After the fortieth hour, when the capillaries have regained their imper- 
meability to protein, the deficit of plasma protein may be corrected, quantita- 
tively, by a large plasma transfusion. The amount of protein required is cal- 
culated by a formula based on hematocrit values, plasma protein concentration, 
and body weight. 

This regimen permits the restoration of plasma volume to normal without 
the administration of excessive amounts of protein-free fluids. 


The authors are indebted to Dr. John B. Flick for access to patients on his Service, 
and acknowledge tae assistance of the hospital clinical and laboratory staffs. 
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LIVER DAMAGE AND DEXTROSE TOLERANCE 
IN SEVERE BURNS 
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INFORMATION concerning damage to the liver in patients with severe burns 
has been based in the past, largely, on histologic studies of postmortem mate- 
rial. In the present study, objective evidence of hepatic damage was ob- 
tained during life by the use of liver function tests. Three patients with sec- 
ond and third degree burns of 15 to 25 per cent of the body surface were 
studied. Details of the case histories have been published elsewhere.? Dis- 
turbances in the fluid balance of these patients were corrected within 48 hours 
after the burn by the employment of plasma transfusions ; and at no time did 
the patients show marked symptoms of secondary shock. Cases 5 and 9 
recovered while Case 8 died with a hemolytic streptococcal septicemia, on the 
eighth day. 

Bilirubinemia, bromsulphalein retention, hippuric acid output, plasma pro- 
thrombin concentration and dextrose tolerance were determined in the three 
cases at frequent intervals. The results are presented in Charts I, 2 and 3. 


The hyperbilirubinemia, during the first 48 hours, may have been caused 


either by a rapid breakdown of red cells injured by heat in the burned area, 
or by failure of the liver to excrete bilirubin at a normal rate. An abnormal 
bromsulphalein retention was observed between the fourth and fifteenth 
days of each ease. During this period, the capacity of the liver for producing 
glycine and forming hippuric acid became impaired to a variable extent in 
Cases 8 and 9, an observation which confirms the report of Boyce and Mc- 
Fetridge.* Moderate reductions in the plasma prothrombin concentration 
were observed in each case. As none of the other causes of hypoprothrom- 
binemia were present, this finding may be regarded as presumptive evidence 
of hepatic damage. 

The dextrose tolerance curve is the result of several factors, of which 
the functional capacity of the liver is one. Curves obtained on these patients 
show marked deviations from the normal. Although the curves might be 
regarded as evidence for impairment of the hepatic mechanism for glyco- 
genesis, other factors, hormonal and dietary, must be evaluated before an 
accurate interpretation can be made. 


Submitted for publication May 1, 1940. 
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CONCLUSIONS 

The effect of severe burns on bilirubinemia, bromsulphalein retention, 
hippuric acid formation, prothrombinemia, and dextrose tolerance were studied 
in three patients. The changes found in bromsulphalein retention, hippuric 
acid formation, and prothrombinemia indicate the presence of hepatic damage, 
especially during the period from the third to the tenth day following the 
injury. The changes in the bilirubin and dextrose tolerance are also suggestive 
of liver injury. Whether the cause of the disturbance in the liver is a toxin 
from the burned area, anoxia associated with capillary stasis, infection, or a 
combination of these factors cannot be stated at the present time. 
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ERRATUM 


In the article by Dr. Charles H. Watt, “A Modified Spur-Crushing Clamp and Its 
Use,” appearing in the ANNALS OF SURGERY, III, 1076-1083, June, 1940, the legend for 
Figure 1 should read “The author’s modification of the Stetten spur-crusher. The 
original Stetten clamp does not have the blade.” 
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